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Circle 2 for further information 












EVERY TYPE OF 
MOVEMENT FOR 


SCIENTIFIC 
INSTRUMENTS 

























Meters 

Electric clocks 
Telephones 

Time switches 
Recorder clocks 
Gauge movements 


POINTERS 
DIFFERENTIALS 
PINIONS 
SPINDLES 


In association with 


SOCIETE INDUSTRIELLE DE SONCEBOZ, S.A.. SWITZERLAND 
ITALY Carlo Caglioni Société Industrielle de Sonceboz, S.A., Ufficio di Milano, Via Mac. Melloni 70, Milano 
U.S.A. Alina Corporation, 122 East Second Street, Mineola, L.I., N.Y. 











Synchronous 
motors 
Measuring 
instruments 
Prepayments 
Relays 


WORMS 
WHEELS 
ESCAPEMENTS 
COMMUTATORS 


THE BRITISH SONCEBOZ CO. LTD. 





VICTORIA RD, SOUTH RUISLIP, Middx. Phone Ruislip 5590/3128 








= 





Circle 3 for further information 





/ for switchboard 


mounting 


* Design permits ‘on site’ modifications or 
maintenance to either the moving coil or 
the dynamometer movement without 


disturbance of the original accuracy. 


* Models are available for direct wire 


remote indication. 


Instruments in this range are of an advanced 
design incorporating many features including 


platform type scales. The movements are 





robust in construction and have a high torque 
weight ratio. Low burden types are available 
for miniaturised control panel installations, 
with associated interposing voltage- and 


current-transformers. 


Specifications: 


These Instruments comply with B.S.89-1954 
Industrial Grade and other International 
Specifications. 









Literature available on request to: 


The ENGLISH ELEcTRIC Company Ltd., 200° scale dynemntiéiet dilahiaap 
Instrument Department, Stafford 


ENGLISH ELECTRIC 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


Meter, Relay and Instrument Division, Stafford 
WORKS: STAFFORD ° PRESTON ° RUGBY ° BRADFORD _ LIVERPOOL ° ACCRINGTON 





INS. 47 
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Stabilized 
WER PACKS 







Bisiitiiitiitiz sii 














FOR 
THERMIONIC 
VALVES 


Fe te) | NN NO 


High-power 0-600 voits stabilized 300 mA max. 


L.T. supplies stabilized — two independent 
outputs at 6:3 volts 4 amps. 


H.T. source resistance less than 0-1 ohm at d.c. 
and less than 0°5 ohm up to 30 kc/s. 


Leaflet C60 


H.T. source resistance may be varied up to 
a maximum of 40 ohms. 





Mains ripple of up to 6 volts can be 
superimposed on H.T. line. 


VV VV V9 


Overload protection of H.T. line by 
resettable cut-out. 














COMPONENTS LIMITED 
® @ 
eet INSTRUMENTS DIVISION eeeeeeee*? 
ROEBUCK ROAD « HAINAULT « ILFORD « ESSEX * TELEPHONE : HAINAULT 4444 
Oct: 
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Circle 4 for further information 





Two new stabilized power packs with outstanding 
features for the development engineer. 


The Type PP.1 has the unique features of stabilized L.T. 
voltages, variable H.T. source resistance, and mains ripple 
injection on the H.T. line. 





The Type PP.3 is fully transistorized and provides simul- 
taneous d.c. voltages of either polarity, and is fully protected 
against accidental short-circuit. 















FOR 
pp? TRANSISTORS Two independent variable d.c. supplies 0-30 volts | amp. 


Positive and negative supplies provided simultaneously. 





£110 NeETT IN UK 


Up to 60 voits d.c. by series connection. 
Fully protected against short-circuits. 


Leaflet C62 


Ripple less than | mV peak-to-peak. 


VYVVYVY 


Both voltage and current monitored simultaneously. 





We shall be pleased to arrange for our Area Saies Engineer to demonstrate these models to you. 
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TEKTOR 
MINOR 














NO ELECTRONICS 
ON CONTAINER 









































CABLE LENGTH 
UP TO 150 FEET 











EASE OF 
ACCESS AND 
MAINTENANGE 

















MULTIPLE 
CONSTRUCTION 
or single units 


% The instrument consists of a probe which is installed on 
the container and an electronic unit which can be con- 
veniently situated at ground level for ease of access and 
maintenance. 


The Interconnecting Coaxial Cable is supplied with the 
instrument. No other cables are required from probe 
to unit and installation costs are therefore reduced to a 
minimum. 


Multiple Construction of the electronic units provides 
centralised or grouped indication as required. 


FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 3251 (5 lines) 


ALSO AUSTRALIA - ITALY - CANADA 


™ 2 


The firsts TEKTOR level Controller was 
introduced by Fielden Electronics Ltd, i 
1949. This was the first level controllet 
to operate on the capacitance principle. 
Since then many thousands have bee 
installed throughout the world for oe 
trolling the level and flow of solids ad 
liquids in every known industry. 

Ten years experience is built into every 
Tektor and for this reason is acknowledged 
the best, most reliable and successfil 
electronic level controller in the walle 


Indie 


Grams: ‘Humidity Manchester’ Reco 
Branch Offices: LONDON - WALSALL « STOCKTON-ON-TEES * EDINBURGH and DUBLIN 
Agents throughout the World 


Control 
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precision products... 


aid 


mene oe She 
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A new group of terminal pins to meet 
the recommendations of B.S.S. 3081 : 
1959 and Defence Guide 5007, these 
ultra small parts fit the preferred .052 in. 
hole in printed wiring boards and also 
meet the requirements of present-day 
densities of conventional wired circuits. 
Available from stock of course. 























/ 






for quality components 











CLARWIUN ENGINEERS LTD 


RODNEY ROAD PORTSMOUTH HAMPSHIRE Telephone PORTSMOUTH 35555 
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Acceptable by inspectorate for : 
up to 24 hours exemption (Mines id 
Act 1911). : 


cannot oxidize during long 


> Positive switch action. Switches 
periods of non-usage. 


Alarm may be remote and/or 
parallel with the main panel. 


Gives positive recording and also visual (easily read) of the Fan Water Gauge, also alarm in the event 
of low or high readings with a close adjustable differential. 


Temperature system highly sensitive and fully compensated. 

rr Panel of robust construction and finished to any BSS colour. 

oy INFORMATION WITH PLEASURE ; 

THE ACCURATE RECORDING INSTRUMENT COMPANY | 

ARIC WORKS - WINDSOR AVENUE - MERTON - LONDON S.W.I9 = Tel: LiBerty 5661/2/3 
Irish Subsidiary: Aric (Ireland) Ltd., 6, Montague Street, Dublin 


ar 
” = a iol £4 f ad, 
eae 3 a shew aoe 
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Vacuumatic Ltd., of Harwich, are 
producing a range of ingeniously 
designed mechanical counting 
machines doing their work in 
National Banks, Security Printers 
and Paper Mills throughout the world. 






These machines are capable of counting 
1,500 sheets of paper a minute; such 
rapidity and accuracy of motion 
demand bearings of the highest quality. 


Hoffmann Ball Bearings on account of the fine 
finish of their tracks and rolling elements impart 
smooth sensitive motion in the counting head 
as well as on other positions 

on these machines. 


HEAD CARRIER FOUR SI ?”0O.D. 


You can Count on 








MINIATURE 
BALL BEARINGS 







PUSH ROD LINK ONE 4666 4” 0.D. 


WIPER PIN HOUSING TWO 86 13 m/m O.D. 





STRIKER GEAR | ONE N463 3” 0.D. A Vacuumatic Paper Counting Machine in operation. 





QUADRANT CAM FOLLOWER uN By ONE 84 9 m/m O.D. 


CHELMSFORD 














THE HOFFMANN MANUFACTURING CO., 








992 INSTRUMENT PRACTICE OCTOBER 1959 





Circle 10 fer further infermation 






















ALL TRANSISTORIZED 
D.C. AMPLIFIER/TRANSMITTER 


For as many industrial applications as one can devise using 
a d.c. amplifier/transmitter, the new Bailey instrument is 
the perfect answer. Using transistors, the problems 
previously encountered with mechanical-type choppers 
have been solved, and all errors attributable to moving 
parts eliminated. 


BAILEY METERS & CONTROLS LTD., 


PURLEY WAY - CROYDON -: SURREY 
INSTRUMENTS AND CONTROL SYSTEMS FOR THE POWER 
AND PROCESS INDUSTRIES 











Protracted use on some of the most intricate nuclear 
applications, has emphasized its reliability, and the 
instrument is now available for general process use. 

Its rugged construction and convenient size ensure 
space-economy and reliable operation in a wide range of 


industries. 


TD. 
EX 


2 1959 
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Preeision 


Electrical Measuring 


Instruments 


Ernest Turner precision-built elect- 

rical measuring instruments give absolute 
accuracy, dependability and ease 

of reading and keeping pace with the ever 
widening field of electronics, Ernest 

Turner Electrical Instruments offer 

a wide range of instruments to 

meet specific requirements and individual moons ms rovne cou 
applications. For more than 35 

years, in this country and in many 

parts of the world, wherever there has 

been a job of precise electrical 

measurement to be done, the chwice has 


been Ernest Turner instruments 





Ernest Turner Electrical instruments Ltd. HIGH WYCOMBE - BUCKS - ENGLAND 


Telephone: High Wycombe | 301-2-3 


Cables: Gorgeous, High Wycombe 


— 
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NGLAND 


Wycombe 


rn 1959 


TRANSITROL 


PROGRAMME TEMPERATURE-CONTROLLER 
TYPE 994 


Now! 

YOU CHOOSE IT 
FITTED WITH THE 
CONTROL ACTION 

YOU PREFER! 


Specify one of the 
following :— 

* Two-position (on/off) 

* Three-position 

* Anticipatory 

* Proportional (stepless) 
* Proportional (plus reset) 


British-made 
throughout 
PATENT 





NO THERMIONIC VALVES 
This unique instrument indicates and controls 


‘ ‘ , NO WARM-UP TIME 
temperature strictly in accordance with a ° 
pre-determined time-programme and is used WO CAM SOnIEmS 
primarily for controlling heating and cooling 
cycles of furnace loads. . 
Thousands of Transitrol Controllers are giving ee 
reliable, consistent service in many industries at home AUTOMATIC LIMIT-SWITCH 
and overseas. ETHER Transitrol Controllers ven aes = Gore 
were the first in the field; they are still the finest. FIXED-CONTROL AVAILABLE 


TIME CYCLE 1hr. to 720 hr. 











ENQUIRIES, SALES & SERVICE : 


Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 


Caxton Way, Stevenage, Herts. 
Stevenage 2110-7 


Representatives throughout the U.K. 
Agents in all principal countries 
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Save Fanel Space 


SYDNEY SMI/TH 
FLAT=FACE EDGEWISE 


PRESSURE 
GAUGES | 


** GRASSHOPPER ” PATENT : 
Size 8” in accordance with B.S.S. 1780-1951. 

























Being 
Flat-Faced 
there 








Glint 





The TWELVE Edgewise Gauges in the panel 
above occupy approximately HALF THE SPACE 
of the ELEVEN conventional dial type. 


SYDNEY SMITH & SONS 


(NOTTINGHAM) LTD., : BASFORD WORKS, ‘ NOTTINGHAM 
TELEPHONE: 75031/3 GRAMS: ‘* SMITH’S, NOTTINGHAM.” 





THE OLDEST PRESSURE GAUGE MAKERS IN THE WORLD 








London Office: WHITT & CHAMBERS Ltd. 6 Lygon Place S.W.I 
PHONE: SLOANE 7294/5 GRAMS: WHITCHAM SOWEST, LONDON 
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Products of 


No. 3 Superfine Wires 


Manufacturers of precision resistors and potentiometers demand resistance wires so 

fine that they can hardly be seen. Some ask for wire with a high specific resistance. Others 
require a comparatively low specific resistance but it must remain constant with 

changing temperatures. Yet others call for wire with both a high and an unchanging 
resistance. 

Wires are required in various tempers and finishes, for example, hard-drawn, 
annealed, bright, oxidised, enamelled, enamelled and silk-covered—there’s no end to 
the variations needed for different jobs. Fortunately, there’s no end either to our ability 
to meet them. 

Superfine wires are produced from -002 in. (0-05 mm.) downwards in alloys which are 
famous, Nichrome*, Nichrome* V, Karma* and Advance*. Alloys which offer all the 
necessary resistance properties. Finishes which meet all requirements. It’s not 
surprising, perhaps, that our reputation in the superfine wire field is unique. 


Nichrome* & Nichrome* V Nichrome* especially for the electronics industry, which 





(65/15 type nickel-chromium-iron) and combines a high specific resistance with a 
Nichrome* V (80/20 type nickel-chromium) low temperature coefficient. 


are the alloys most suitable where a high 


resistance is necessary and where the change Advance* Wires of this 60/40 copper- 


in resistance due to temperature does not nickel alloy have a low temperature 


hinder satisfactory performance. coefficient and a fairly high specific 
resistance—important properties in precision 
Karma* This is essentially a modified resistors which must have constant resistance 


80/20 nickel-chromium alloy, developed over a wide temperature range. 


For further information write for Data Sheet No. 1,a 4-page 


booklet containing comprehensive technical information. nase. TRAE Hane 


BRITISH DRIVER-HARRIS CO LTD 


NICHROME Cheadle Heath, Stockport, Cheshire. 


ow 
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tL 


The New Twin 
Quadrant Fader 
introduced at the 
1959 R.E.C.M.F. 
EXHIBITION 


...and now in 
production 


2 Networks in panel cut out 5” x 143” Three change-over auxiliary switches available 


:; ae on each network. 
Channel cueing by colour changing illuminated 


translucent scales. The New Twin Quadrant Fader for all Sound 


Plug-in networks and Vision Studio Applications. 


Designed and Developed by 
ELECTRONIC COMPONENTS 


WEEDON ROAD, INDUSTRIAL ESTATE, NORTHAMPTON 


Phone; Northampton 2467 & 1873 Grams: Elcom, Northampton 
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DIAPHRAGM 


CONTROL 
VALVES 


Accurate, reliable, and economical, 
these Blakeborough types do full 
justice to the performance of the 
controlling instrument—hence their 
widespread use on modern automatic 
process control systems. An advanced 
and comprehensive range, well worth 


investigating. 


BLAKEBOROUGH 


i. BLAKEBOROUGH & SONS LTD - BRIGHOUSE - ENGLAND 


Ocr ‘BER. 1959 


(ndh)1008x 
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The Seal in-a-Second / 
ELECTRIC 


TAPE 
SHOOTER 


---with 
the 
‘feather 


touch’ 
control 


@SAVES FATIGUE @®MORE PARCELS 
IN PACKING PACKED PER DAY 


@SAVES TAPE BY ® DESIGNED FOR %& THE HIGH SPEED 
PRE-SET LENGTHS RAPID SEALING OF PRESS - BUTTON 
HEAVY BALES, fensiea 
®AUTOMATIC CARTONS AND GUMSTRIP (reco) 
MOISTENING CONTAINERS TAPE SHOOTER 
CONTROL 





@ Send for the illustrated leaflet 
or ask for a free demonstration 
in your packing department 
Details from: 


SAMUEL JONES & CO LTD. 


NEW BRIDGE STREET, LONDON, E.C.4,. Tel: FLEet Street 6500 








Circle 18 for further information 


this 

is 

the 

GILBARCO 
Firth Cleveland 


gauge 


The Gilbarco Gauge is a highly accurate 
electronic instrument for indicating liquid level in 
deep tanks. Here are a few of its advantages :— 


t It can be installed in tanks of all types to 
indicate liquid level or the intertace 
between two liquids. 


4 It gives continuous readings of liquid level 
(regardless of specific gravity) to within a few 
thousandths of an inch of height—a feature of 
particular importance for tanks 

with large surface areas. 


a It provides local and remote indication 
with a signal to operate data reduction or 
logging equipment if required. 


% It is suitable for operation in hazardous 
areas and in extremes of temperature. 


* In multiple storage tank installations, 
one remote indicator can be arranged to 
display the contents, in turn, of up to 50 tanks. 














Routine maintenance can be readily 
performed without taking the tank out of service. 





Gilbarco Gauges of our production will 
shortly be available to Buxton flame-proof 
requirements or to American Class 1, 
Group D, Division 1 classification 








Made under licence to Gilbert and Barker Mfg. Co. U.S.A For full details write to: 


FIRTH CLEVELAND INSTRUMENTS LTD 


TREFOREST - PONTYPRIDD - GLAMORGAN A MEMBER OF THE FIRTH CLEVELAND GROUP 


Branches: Birmingham, Manchester, Glasgow, Stockholm, Copenhagen, Ballarat, Sydney, Johannesburg, Naarden, Milan and New York. ati 
CRC 23 
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NEGRETTI & ZAMBRA 
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MO 

Input 

Out 

Out 

Dime 

Weig 

Manufacturers of instruments for the NEGRETTI & ZAMBRA LIMITED, eas 

indication, recording, controlling of:— 122 REGENT STREET, LONDON, W.1 
Temperature, pressure, liquid level, volume, Telephone: REGent 3406. Teiegrams: Negretti, Piccy, London. 
wecific gravity, humidity, etc. Also BRANCHES: Birmingham, Cardiff, Glasgow, Leeds, Manchester, Nottingnam. 

meteorological and aircraft instruments. Agents or Subsidiaries in most countries. Q 

a mt a RE ee eT eee ee ee a es | 

1002 INSTRUMENT PRACTICE OcTOBER 1959 ROEBUCK 5 









OCTOBER 

















SO eine meio een paldcbelea 














Circle 20 for further information 


CW SERIES 


Take the best in Constant Voltage Transformer 
design and practice... maintain all those features 
proven by years “‘in the field’’.... add still greater 
efficiency . .. . reduce size and weight ....and then 
drastically cut the cost — and you have the NEW 
CV Series. 


Models now available with output capacities of 25, 
50, 75 and 100 watts and range of outputs from 
6 to 240 volts — all providing assured output 
voltage regulation within + 1% for input variations 
of up to + 15% 


@ WEIGHT REDUCED by over 25%, 
@ SIZE REDUCED by over 4% 


@ STRAY FIELD REDUCED by over 75%, 


@ OPERATE AT ANY LOAD 
from ‘NO LOAD’ to ‘FULL LOAD’ 


@ WILL OPERATE CONTINUOUSLY 
AT AMBIENT TEMPERATURES 
from —10 to +50°C. 


CONSTANT VOLTAGE TRANSFORMERS 


Whey avé SMALLER -LIGHTER 








4 ) 

trees a typical example- 
MODEL CV.25/E MODEL MT.281/E 
Input Voltage ...... nn il EE PE 190-260V 
Output Voltage .__... SEES FOES 6V 
Output Capacity ..... eer 25W 
Dimensions .__..... 5}’x 34" 4” ....... 7”x 5h"x 49" 
SEN sae RM eee sad 7\ib 

PRICE £6.5.0 PRICE £8.0.0 


aud COST LESS / 








Full details in Folder C63 available cn request 


dvante COMPONENTS LIMITED 
ees MAINS STABILIZATION DIVISION Ds 


ROBBUCK ROAD « HAINAULT « ILFORD * ESSEX * TELEPHONE : HAINAULT 4444 





~to be sure / 
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What de you expect of a 










? 





In new manufacturing processes amongst the 
resins, the plastics, in paints, textiles, colour 
and chemicals—and in a hundred other 
spheres—temperature control is playing a 


bigger and more vital part. 





Higher accuracies, quicker responses, longer life 
—these are the demands imposed by today’s 
thermo-instrumentation. And, these too, are the 
inherent features of ‘Pyrotenax’ Thermocouples. 
Add to these the characteristics shown and you 
have the reasons why ‘Pyrotenax‘ Thermocouples 
are the considered choice of the scientist and 
technician behind such projects as Bradwell and 
Calder Hall etc. and other famous enterprises in 
Industry. 


*‘Pyrotenax’ Thermocouples are supplied with conductors of 
COPPER/CONSTANTAN with either CUPRO-NICKLE or MILD 
STEEL sheath, conductors of NICKEL-~CHROME/NICKEL ALU- 
MINIUM ALLOY with NICKEL-CHROME STEEL sheath for high 
accuracy, high temperature applications. 








EASILY BENT TO SHAPE 

they are 

IMMUNE FROM THERMAL SHOCK 
AND MECHANICAL DAMAGE 


SMALL OVERALL DIAMETER 


permits use in restricted spaces allowing 
simultaneous readings at different 
points, where normally only one conventional 
type could be sited, and generally 


--- NO ADDITIONAL PROTECTIVE.----------~ 
SHEATHING REQUIRED 











Lea 

















J nit For leaks. 
Full Technical details in Publication 31/U110 r esulting ina ninimum 
—a RAPID RESPONSE RATE -.---.---------4°")— 
comparable with that of « aon 
mercury-in-glass thermometer Om the 
PERFECTE ne mE sshetecketiesesien \ishaiehiaisetetatetetiaetatie They have a -----------------------"" second 
Compact 
LONG LIFE ea 
Pyrotenax a 
ie | — --——-|--------------- but, because they are -----------------""" , it « 
m.i. THERMOCOUPLES INEXPENSIVELY REPLACED “quiremer 
Oday’s mo: 
they may be used at temperatures far in ) 
excess of those normally permitted 
Use of the name “‘Pyrotenax”’ is exclusive to the products of this company for economic operation 
and its associates. L foe wee Bt Sein eweinicenmsembad fbi inn aaninimamiemenanbeo nm 4 
PYROTENAX LIMITED HEBBURN-ON-TYNE Tekpbone: Hebburn 83-2244/8 
LONDON: ViCtoria 3745 BIRMINGHAM: Midland 1265 * MANCHESTER: Deansgate 3346/7 * LEEDS: Leeds 27826 + GLASGOW: City 364//2 * CARDIFF: Cardiff 2368 
GDIIO ees “a 
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Testing production batches of semiconductors for leaks 
(Photograph by courtesy The General Electric Co. Ltd., 
Semiconductor Division). 





1oc.c. IN THIRTY YEARS! 


Leaks of this order detected with the 
METROVICK type MS6L Spectrometer 


for leaks in vacuum systems the Metrovick MS 6L Spectrometer gives a POSITIVE INDICATION ‘The equipment gives a direct 


ninimum detectable leak around 5 x 107’ lusecs (litres at 10°°mm Hg per measure of concentration, and is positive in indication. 

xcond)—a rate which means that only Ic.c. at atmospheric pressure would 

pss through in thirty years! In systems pressurised with helium at 15 FOR TESTING Hermetic glass-to-metal or metal-to-metal 

pSi.g., the equipment will detect and measure leaks of less than 10°‘ c.c. seals. Particle accelerators. Bellows, capsules, bourdon tubes. 

pt second. Vacuum valves, pumps, pipework. Refrigeration systems. 
Vacuum furnaces. Nuclear reactor vessels, fuel elements and 

Compact, portable and simple to use and maintain, this self-contained coolant systems. Electronic valves. 

‘uipment is entirely British in design and construction. Apart from 

teium, it can be used with other lower-cost tracer gases. For countless Before you decide on the choice of leak-testing equipment, you 

itquirements, including the stringent demands of nuclear plant, it provides should send for descriptive literature on the Type MS. 6L Mass 

bday’s most rigorous and economic leak-testing system. Spectrometer.Write to: 


METROPOLITAN -VICKERS 
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* 


You should 


learn more about 


the 


PYROMETER 
CONTROLLER 


Embodying an extremely simple circuit 
without the use of any electronic com- 
ponents, transistors, lenses or reflectors, 
the Coley Z5 will control with an 
accuracy of :25°% at any temperature 
up to 1600°C. 


Leaflet Z5 will tell you all about it. 


COLEY THERMOMETERS LIMITED 
2-4 LONDON ROAD - BRENTFORD - MIDDX 
Phone: Isleworth 4232 Grams: BRYCO BRENTFORD 
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Thermocontrol air- 
conditioning cabinets 


. . . the economic approach to 
precision, humidity and temperature 
control to any conditions within 
this area. 


> 


ROOM RELATIVE HUMIDITY 





60 70 80 90 Qo 
. 10 15-6 2-1 26-7 32:2 37-8 
ROOM TEMPERATURE 


With Air-conditioning Cabinets of the type illustrated, rooms of up 
to 3,000 cubic feet capacity can be conditioned and with agreed 
installation layouts can be maintained to within +0-5%°F. and 
+0:75% R.H. setting overall. 

The unit is provided with an air outlet raised above bench level 
and a range of larger units is also available to special design for 
unusual application. 

The specification of the standard unit includes a replaceable glass-sil 
filter for air entering the cabinet; centrifugal fan with belt-driven fan 
motor and starter; cooling coil of up to 35,000 B.T.U.s extraction per 
hour for reduction of either temperature or humidity, air heater with 
built-in high limit thermostat; room thermostat with relays to operate 
electric heater when temperature is low, or cooling coil when the 
temperature is high: humidistat tocontrol relative humidity through 
evaporative humidifier. 

Our specialist Engineers will be pleased to examine and recommend 
conditioning equipment for YOUR schemes to ensure maintaining 
stringent conditions at economic cost. 





eal 
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Thermo control 


INST. CO.LTD. 


BLACKFRIARS ROAD, LONDON, S.E.|! 
Telephone: WATERLOO 7356/9 


Automatically first for design, 
engineering, installation 





1006 INSTRUMENT PRACTICE OcToBER 198? 











rae 


_— 


Ocr, 





Circle 25 for further information 
rmation _ = - = 























oms of up 
th agreed : Kh a 
°F. and imimmee: : 


snch level 
lesign for 





le glass-sil 
driven fan 
action per 
eater with 
to operate 
when the 
y through 


commend and manufacture of Multi-range 
ieee Testing Instruments since 1923 



















Pioneers in the design 


AVO instruments are at the 
service of B.O.A.C. 
throughout the world 


D.C. Amplifiers 

Radiation Monitors 

Valve Voltmeters 
Multi-range Testmeters 
Valve Testers 

and other electronic 

and nucleonic instruments 














Si gn, 
4X LTD 
AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.I 
Telephone: ViCtoria 3404 (12 lines) Cables: Avocet, Sowest, London 
BER 1959 
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SERIES 2030 D.C. 
WITH RECTIFIER SERIES 1174 D.C. SERIES ‘E’, D’C’ SERIES 2030 D.C. SERIES 600 A.C. 
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and reliable remote control, you need 





WESTOOL SOLENOIDS 


Westool Solenoids are compact, self-contained, electro-magnetic units that can be fitted 
anywhere to provide a direct mechanical action automatically or by remote push-button 
control. They can be used to push, thrust, lift, lower, open and shut with an accuracy, 
regularity and convenience unobtainable by any other method. 


Practical design, use of the best materials, care in manufacture and thorough testing 
ensure that Westool solenoids are the best you can obtain. The range of Westool A.C. 
and D.C. standard solenoids covers most industrial requirements. 


Investigate the possibilities of Westool solenoids for your machinery and call in our 
experts if you need advice. 


...from washing machines ...to greyhound traps 


To-‘lustrate theirsversatility, here are jusi four of the hundreds of Westool colenoid applications. 


BENDIX WASHING MACHINES Westool solenoids play an 
important part in the control of these famous washing machines 
by altering the speed of rotation as required and automatically 
operating the drain valve. 


ST. CLEMENT DANES CHURCH The new bells of St. Clements 
are now electrically operated. Revolving musical box barrels with 
pegs in a pre-arranged sequence operate micro-switches which 
send impulses to mercury relay switches on the main control 
panel. These energise specially made Westool solenoids which 
move the hammers to strike the bells. 





i'w itee 


SHIP LAUNCHING Push-button launching at the Sunderland 
Yard of Austin & Pickersgill Ltd. is achieved by the use of Westool 
solenoids. When energised the solenoids operate levers which in 
turn release the chocks. 


GREYHOUND TRAPS This application ensures perfect syn- 
chronisation of trap opening at the start of a race. A Westool 
solenoid is fixed to the side of each trap and when energised by 
remote push-button control pushes down a lever to release the 
retaining catch on the trap gate. 


WESTOOL ST. HELENS AUCKLAND, CO. DURHAM 


Telephone: West Auckland 551/5 


Telegrams: Solenoid, West Auckland 
London : 2 Ashley Place, London, S.W.!. Telephone : Victoria 7301-2 








Birmingham : 7 Newhall Street, Birmingham 3. Telephone: Central 3901 


Westool also make: Coils & Coil Winding Machines, Transformers, Warner Electric Brakes & Clutches, Air Conditioners, etc 





SERIES ‘DK’, D.C. SERIES 700 A.C. 


tee 








SERIES ‘L’, D.C. 


SERIES ‘C’, D.C. 





MINIATURE SOLENOIDS 
A.C. & D.C. FROM 225 CM. 
GRAMMES TO 1.5 OZS. 
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Connectors EW 
for every BAI DWIN 
purpose irom 


miniature moving coil meters 


@ In any colour or finish 
@ Open or protected front 
@ Customer’s monogram 


There’s a Connector for every purpose 
in the wide range manufactured 

by Plessey. : ; 
Whatever your requirement — be it eee 4 
in connection with Transistorised 4 S ( 
Equipment, Business Machines, : 
Aircraft, Preformed Wiring, Mobile 
Power Installations or any other 
purpose — it can be met from the 
Plessey range which includes every 
type from Sub-miniature to 

Heavy Duty. 


Publication No. 148 provides an Protected front model —actual size 
illustrated index and abridged data on 


AMPS Self-contained, 50 micro-amps t0 








all Plessey Connectors and lists the 10 milliamps. Higher ranges as required . 
literature relevant to each range. with external shunt. 
; f 
Write for a copy today. VOLTS 5 to 300 volts, 1000 ohms per volt. i7 
ac or pc. External resistance. D: 
Pl Electrical ACCURACY To s89. Scale length 80°. B 
essey MOVEMENT Particularly robust. Moving coil. Knife Ir 
connec t ors edge pointer, zero adjuster. fi: 
CASE Sealed, pressed steel. Open or protected 
front. Weight of movement and case 5} 0% & 7 
WIRING & CONNECTORS DIVISION Available in any colour or finish with mon0- 
THE PLESSEY COMPANY LIMITED gram if required. 
Cheney Manor - Swindon - Wilts DELIVERY 14 days. 
Telephone : Swindon 6251 
INSTRUMENT DIVISION Al 
Overseas Sales Organisation: 2 Er 
Plessey International Limited - Ilford - Essex BALDWIN INSTRUMENT COMPANY LIMIN® IM. 


Telephone: Ilford 3040 DARTFORD - KENT 
Telephone Dartford 2948 & 6411 
Cables & Telex Baldwin Dartford 


@ cws B32 A Harper Group Company 
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new small and miniature standard cases 


at really LOW PRICES! 














15 new Imhof standard cases 
with panel sizes from 6’ x4’ 
to 24” x 103”. Just look at these 
examples...compare the new 
low prices. Here’s real value 
for money! Whatever the size 
—whatever the quantity—all 
these new cases are built to 
the same, robust specification 
and high finish as the existing 
Imhof Standard Range. Top 
quality and rock-bottom 
prices result from Imhofs 
streamlined methods and full 
tooling for large-scale produc- 
tion in Europe’s most modern 
factory fully equipped for 
quality manufacture of cases, 
racks and consoles 


ee ss 


T eidhl Redhansdl oping Pinel Chan 
























nt 

















10C 7” x19" PanelSize £312 8 | 





IMHOFS 


amps to 
required 





These new cases have been designed as a result of the fast 
development in miniaturisation of electronics and electrical 
per volt. instruments. The cases are of two types: with sloping front 
panels, and rectangular cases with vertical front panels. 
Both types are available in standard duo-tone finishes. 
il. Knife Imhofs have also produced a new type chassis incorporating 
fixing brackets especially for these new cases 


1OY"x 12" Panel Size 31810 


protected 


sase 5} Ot. 7 days delivery—generous quantity discounts! 
pith mone 


7 x12" Panel Size 22 18 6 


sigh, 


STOP PRESS! Now available, 9 new ultra- 
miniature cases—MINIBOXES—of two-piece construc- 
tion. Sizes from 3” x1§” x2” to 17” x4” x5”. Prices from 
6/9 to 25/-. Complete details on request 


Alfred Imhof Ltd Dept HIO Ashley Works Cowley Mill Road Uxbridge Middx 


TROLS Uxbridge 6231 
Erport & London Showrooms: 112-116 New Oxford Street WCl Museum 7878 








NY LIMITS 
IMHOFS AGENTS OVERSEAS 
1 Australia: Aladdin Industries (Pty) Ltd, Denmark: Tage Schouboe, New Zealand: Imarex Ltd, Auckland C3 Switzerland: Walter Blum, Zurich 2/39 
d Stanmore NSW Copenhagen N Norway Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 
for Belgium: Rogelec, Ghent Finland: Oy Scienta Ab, Helsinki Portugal: Projectos e Construcoes Lda, Cleveland 3, Ohio ’ 
Canada: Measurement Engineering Ltd, Germany: Sunvic Regler GMBH, Solingen Lisbon Brit. Guiana: Davsons Carribbean 
ian Arnprior Holland: }. Th. van Reijsen, Delft Sweden: Elektroniund AB, Malmo C Agencies Ltd, Georgetown 
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KEARFOTT 


SIZE RESOLVER 
fora wi range of 
computing applications 
and position control 


Pullin Kearfott precision resolvers to BuOrd size 11 stan- 
dard with two separate phases on the stator and two phases 
with common terminal on the rotor. 

Output is a sine and cosine expression of rotor angular 
position. Applications include the rotation of rectangular 
co-ordinates or interchange of rectangular and polar 
co-ordinates in computer work and precision phase shifting. 





Type IIRI3N4 high impedence 
Type IIR2ZN4 low impedence 























Electrical Characteristics IIRI3N4] IIRZN4 
Input voltage at 400 cycles, volts 26 26 
Input current, milliamps 20 52 
Input power, watts AS .34 
Transformation Ratio 0.846 0.490 
Voltage gradient volts/degree 38 .22 
DC resistance rotor, ohms 200 14 
DC resistance stator, ohms 130 76 
Phase shift degrees e 10° 
Residual voltage total, millivolts 58 27 
Residual voltage fundamental, millivolts 38 17 
Electrical Error, minutes 7 max. 7 max. 

Sromno 3 
7 54 $4 Ro 
TERMINAL 
CONNECTIONS 
53 Ry 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS 
GREAT WEST ROAD . BRENTFORD . MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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Quarthy Cupstal Controlled 
TRANSISTOR OSCILLATOR 100K<: 


4 
< 
= 
~m 
w 
NM 


\. SIGNAL 
06’ OUTPUT 
re 


- 875 DIA 
MAX 


rYPE OC 935 


International 
Octal Base 





FREQUENCY: 
100 Ke/s. 
FREQUENCY 
TOLERANCE: 
015% over tem- 
perature range — 
1o°c. 60°C. 
FREQUENCY STABILITY: Less than 5 parts in 2 
million change with a 10% change in supply voltage. 
OUTPUT: 3 Volts on open circuit conditions. 14 Volts 
across a 20,000 ohm load. 
POWER SUPPLY: 6 Volts D.C. Power consumption 
5 milliwatts. 
WEIGHT: 30 grams. 


ALSO AVAILABLE IN FREQUENCIES | and 
5 Mc/s. 


The design of quartz crystal controlled oscillators is of 
a specialist nature, and there are many problems associated 
with their use. In order to obtain the best performance 
and consistent operation, it is often desirable that not 
only the circuit configuration but also the physical layout 
should be related to the design of the crystal unit used. 


As established manufacturers of such units, we have 
developed a packaged crystal controlled transistor oscillator. 
Available in two forms, they will provide an accurate 100 Ke/s. 
suitable, for example, as a time base master frequency. 


By the provision of a suitable power supply, these units 
may be used as portable frequency sub-standards. 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


TIMES MILL, HEYWOOD LANCS., Tel: Heywood 6868 
LONDON SALES OFFICE: Telephone: TEMple Bar 4668 
A subsidiary of the General Electric Co. Ltd. of England 
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South Eastern Gas Board 
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Rear view of the giant Control Panel. 


EY 


choose E|LIOTT 





A complete Instrumentation and Control System 
supplied and installed by Elliott for the Oil Gasification 
Plant of the South Eastern Gas Board, Isle of Grain, 
Kent. 


Elliott-Automation takes pride in serving another 


of Britain’s foremost industrial organisations. 


THE PROCESS CONTROL DIVISION 


ELLIOTT BROTHERS (LONDON) LTD 
Century Works, London SEI3 


A MEMBER OFTHE ELLIOTT-AUTOMATION GjROUP 





INSTRUMENT PRACTICE ~ 1013 








Circle 33 for further information 


\ 


a\\ 


Eminently suitable for measurements inthe ; Technical data 2 c/s...1 Mc/s better than + 5%. 
acoustical and ultrasonic fields, electrical Measuring ranges: I mV — 300V f.s.d. Input impedance: I mV...3 V range 4M a 
measurements of mechanical vibrations, dB scale from — 80 dB... 52 dB parallel with 20 pF. 
measurements on I.F. and A.F. amplifiers O dB=1 mW in 600 @ (0.775 V). 10 V...300 V range 10 M @ parallel with 
and measurements on carrier telephone Frequency range: 2 c/s...1 Mc/s 10 pF. 
installations. Overall accuracy: 20c/s...100kc/s+ 2.5%. Mains supply: 110-245 V. 40-100 c/s. 

Sole Distributors in U.K.: Product of N. V. Philips, Eindhoven, 


RESEARCH AND GONTROL INSTRUMENTS LIMITED 


INSTRUMENT HOUSE, 207 KING’S CROSS ROAD, W.C.I. TELEPHONE: TERMINUS 8444 
(RCLO414) 





THERMOMETERS 
RECORDERS & 
CONTROLLERS 


For accuracy, ease of reading, robustness, economy and 
long, trouble-free service install Rototherm instruments. 
Models are available to suit most Industrial and Labora- 
tory requirements. Over 4,000,000 Rototherms are now 


in daily use. 


Write for details 


ototherm 


DIAL THERMOMETERS 
BI-METAL * MERCURY-IN-STEEL * VAPOUR PRESSURE 


THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, $.W.19. ‘phone: LiBerty 7661 
and at Nottingham, Glasgow and Dublin. 
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protects 
flame- 
traps 


from the dangers 
of blow-back flames 

















ANCILLAGEE UNIT 


This new safeguard, the ETHER Flame-Trap Ancillary Unit, Type 
350, will be invaluable in industries where pre-aerated gas or 
pre-mixed gases are used. At present, a flame-trap is normally 
provided to arrest the flame temporarily when a blow-back 
occurs, but unless it is noticed, the flame will ultimately burn 

— through the flame-trap. 















Now this hazard need no longer exist. The ETHER Type 350 


| 

| ENQUIRIES, SALES & SERVICE: introduces a detector in front of the element of the flame-trap 
by means of which the supply of gas is shut off, or an alarm 

| Co m b ustio n given, within a fraction of a second of a blow-back occurring. 


The Type 350 is foolproof, compact and low in price. It can 
| Saf, eguard and readily be adapted to fit all existing flame-traps. 
sg Illustrated technical data forwarded on request. 
| Solenoid Valve 


| Division 






















on Way, Stevenage, Herts : Stoethaahs 21 
Yburn Road, Erdington, Birmingham, 24 : East 0 


entatives throughout U.K. ; 
s in all principal countries. 
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PERFORMANCE EQUAL TO A 
HIGH PRICED INSTRUMENT 








OUTSTANDING FEATURES 





% SENSITIVITY 20,000 o.p.v. D.C., 1,000 o.p.v. A.C. 

*% VERY ROBUST—shock-proof moulding 

* PORTABILITY 

* 20 RANGES 

*% D.C. CURRENT: 50 pA, | mA, 10 mA, 100 mA, | amp 

* VOLTS D.C.: 0-3, 2-5, 10, 25, 100, 250, 1,000 V (25 kV by probe) 
* VOLTS A.C.: 10, 25, 100, 250, 1,000 

*% 3 RESISTANCE RANGES: from 0-20 megohms (self-contained) 
% 40 uA Meter 3} in. arc. 

% ACCURACY:D.C.3%, A.C. 4%, Ohms 5% Trade £8- ) 0-0 
% DIMENSIONS: 5} in. x 32in. x 1} in. Price 

* 


WEIGHT: 14 oz. Credit Sale Terms available 





Write for full details and free catalogue 


TAYLOR ELECTRICAL INSTRUMENTS LTD. 


¢ ‘ MONTROSE AVENUE, SLOUGH, BUCKS. Telephone: SLOUGH 2138! 


Member of the METAL INDUSTRIES Group of Companies 


Solenoid Valves 4¢.~ousrey 


TO MEET THE REQUIREMENTS OF | 
INDUSTRY A WIDE RANGE OF 
SOLENOID VALVES HAVE BEEN 
DEVELOPED TO THE FOLLOWING 
SPECIFICATIONS. 


Orifice size 0.04 in. upwards. 


Tox 



















Normally-open, Normally-closed or 
Three-way. 







Direct acting or Relay acting. 






Temperatures up to 300°C. 






Standard, Flameproof or Intrinsically safe. 






Hydraulic & Pneumatic. 






Pressures up to 6000 p.s.i. 








VALVES OR HYDRAULIC SYSTEMS FOR A VARIETY 






abapantesiecciesde HYDRAULICS LIMITED 


: §.:23°4 4 4 ee a So @t - t:2-8-7 a Bae 


CUSTOMER'S REQUIREMENTS - WE INVITE R N G T re) N 4 






OF APPLICATIONS CAN BE DESIGNED TO 






—_ 


YOU TO DISCUSS YOUR PROJECT WITH US. Octo: 






T CS 8 ORGANI S ATF ON 


( 
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A new X-ray technique for quick results has been 
evolved and a powerful method of qualitative and 
quantitative metallurgical analysis is now available. 
A minute area of the surface of a metallic sample is 
irradiated with a fine-focus beam of electrons, and the 
resulting emission of X-rays excited in the sample is 
analysed. 


This technique differs from others in its non- 
destructiveness and its ability accurately to detect 
minute local differences in composition. 

The Scanning X-ray 
Microanalyser is the first 
instrument of this type to 
incorporatea deflection system 
in the electron microscope so 
that theelectron beam can scan 
the surface of the sample and 
the instrument display a com- 
plete X-ray image of a selected 
element over the area scanned, 
as wellas point by point micro- 
analysis. 































LTD. 
3H 2138! 






























These photographs of X-ray images of (a) iron, (b) copper, and (c) nickel, com- 
pared with (d) an optical image at a similar magnification, were taken during a 
preliminary examination of the micro-structure of a copper-nickel-tin-iron 
alloy. They show a dendritic crystal which consists largely of iron set in a 
matrix which is mainly copper. 

We are indebted to Dr. D. A. Melford and his colleagues at the Tube Invest- 
ments Research Laboratories for their courtesy in allowing us to use the photographs. 










Send for List 177Y. For future publications ask for Mailing Form Y/6/59. 






CAMBRIDGE INSTRUMENT COMPANY LTD. 


13 GROSVENOR PLACE, LONDON, S.W.| 
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The illustration shows a close-up view of 
the new Telescope Carriage 
with its several refinements. 


PRECISION 
CATHETOMETER 


CAT. NO. 6192 








The Pye Precision Cathetometer has recently been remodelled to 


embrace several outstanding improvements. Extreme precision, 

together with rigidity and ease of movement, gives the user a completely * High-precision instrument with smooth positive 
reliable tool which is robust enough for everyday bench use and at the action. 

same time is of research accuracy. 

This latest economically-priced cathetometer maintains the high * Vernier reads direct to 0°05 mm over full measuring 
standard and quality of workmanship for which Pye is renowned. range of 100 cm; micrometer reads to 0°01 mm over 
The Cathetometer Telescope (Cat. No. 6172 or Cat. No. 6173) is range of 25 mm. 

initially focused by adjusting the double-extension tube; final focusing 

is achieved by means of the Lucas slow-motion control, which has a very * Versatile telescope/microscope kit specially designed 
fine, yet positive movement. Focusing range is 40 cm (15 in.) to infinity. for use with the cathetometer is available as a 
A Telescope/Microscope Kit is available fo or use with the Pye range of separate item. 


cathetometers A rapid interchange of telescope or microscope pos ible % Main telescope carriage allows telescope to swing 
Please write for leaflets and details of our range of precision measuring through a 360° plane of vision without interruption 
instruments. of view or further adjustment. 


. * Auxiliary telescope carriage within the main carriage 
SCIENTIFIC 4 INSTRUMENTS is operated by micrometer head with a traverse of 
25 mm; final readings can be taken without adjust- 
ment of the main carriage. 
PYE & CO. 


- G. 
GRANTA WORKS NEWMARKET ROAD CAMBRIDGE ENGLAND 

















Telephone: Cambridge 54411 (5 Lines) Telegrams: Pye Cambridge 











K.D.G;s PRESSURE 


RESISTANCE TRANSDUCERS 





A compact precision instrument giving high 

standards of accuracy (+ 1% for most ranges). 
Ranges available for 0-100 p.s.i. to 0-6000 p.s.i. 
Overall dimensions 24” diameter x 1%” deep. 

For remote indication, recording and control systems, 
dynamic pressure investigations and telemetering systems. 


For further details write for our leaflet RTL/1 


“whheda 


Full details and specifications of the complete 
Q CRAWLEY “a 


K.D.G. range are readily available from: 


RDG; K.D.G. INSTRUMENTS LTD., 


» In association with Stow & Partners usd. 


“4aaard” 
MANOR ROYAL, CRAWLEY, SUSSEX - Crawley 2515! 
London Showrooms, Service and Sales: 100 Fleet Street, E.C.4 Tel.: FLEet Street 5354/5 
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We call them 
REMANENT RELAYS. 


They make obsolete the 
use of hold-on coils and 
contacts and are envinently 
suitable for DIGIT STORE 
and REMOTE CONTROL 
applications. Fitted with 
cores having a high 
retentivity rating, they 
latch-up on receipt of a 
signal and remain so 
without power, until the 
core flux is cancelled. 
Two versions—types 3,000 
and 600. Fitted with a 
variety of coil windings 
and contact assemblies. 


We shall be glad to give you 


full specification details. 


TMC 





a 
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REMANENT RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division 

Hollingsworth Works 

London S.E.21 

Telephone: GiPsy Hill 2211 
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A TIME TESTED 
Success Series 






















For use on air up to 150 p.s.i. with full 4” bore 
screwed 4” B.S.P.—give rapid action of largest 


3 & 4 WwW A Y cylinders and diaphragms. 


These valves have an electrical consumption 


S 0 L E N ) I D of only 10 watts, they are capable of acting at 
speeds up to 300 cycles a minute. Moving 


0 P E R A T E D parts have low inertia, giving millions of 
y A L V E 5 ppasnghees cell pa 
Types SPC3 9) aleEXaNDER CONTROLS LTD., 


& SPC4 Reddicap Hill, Sutton Coldfield, 


Warwickshire. 
Telephone: SUTton Coldfield 5227-8-9 


MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
bis + » FOR USE WITH 


-operated Diaphragm é 
_ Gplinder-operated Valves 












Mumetal Our insistence on installing the latest 
Supermumetal plant in our modern factory at CRAWLEY 
Radiometal ensures the greatly improved magnetic 
Super Radiometal quality of our well known TELCON MAGNETIC 
Permendur MATERIALS. The metallurgical cleanliness, 
Supermendur the pfecise control of composition and gas 
H.C.R. Alloy content and the superior physical charac- 
Rhometal teristics derived from HIGH VACUUM MELTING 


techniques make the whole range of TELCON 
ALLOYS second to none. 


Vicalloy 
INVAR 
THERMOSTATIC BIMETALS including BRASS/INVAR type 
BERYLLIUM COPPERS: CuBe 275, CuBe 250 CuBe 100, CuBe 0 
TELCONSTAN ALLOY for THERMO-COUPLES 

TELCOSEAL ALLOYS (GLASS/METAL SEALING) 


ELECTRICAL RESISTANCE ALLOYS: 
TELCUMAN - TELCONSTAN - PYROMIC - CALOMIC 





Our latest twin set High Temperature High Vacuum TELCON materials feature in THE DE HAVILLAND ‘“‘COMET 4’’ and “FIRE 
Coreless Induction Melting furnaces of 10 cwts capacity STREAK”, THE FAIREY “FIREFLASH”, SOLARTON ELECTRONIC READING APPARATUS, 
now producing the highest grade materials. installed in the Computer Centre for BOOTS (CHEMIST) LIMITED, and are 


integral parts of many other well known British inventions. 


TELCON METALS 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
Metals Division: Telcon Works, Manor Royal, Crawley, Sussex. Crawley 1560 





— 
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Baldwin Atomat Nucleonic Thickness Gauges 


ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 





The Atomat Principle 
RAY SOURCE 
MATERIAL 


RAY DETECTOR 

Amount of rays passing 

through material indicates thickness 
or weight per unit area. 


That’s the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Transmission 
Gauge, the Atomat Differential Gauge 
and the Atomat Backscatter Gauge. as he 
In addition there are special purpose = 
variations, made to meet the 
requirements of many different 
industries. 














| 

| 
HERE’S WHAT AN ATOMAT |S 
GAUGE CAN OFFER YOU 





production and setting up 
@ High accuracy 


@ Calibration in your usual units 
of measurement 


@ Continuous readings for materials 
in constant production 


Auto standardisation and control if you require 


® Minimum maintenance 


Baldwin Atomats are already boosting production and 
cutting costs in the paper, metal rolling, rubber 

and plastics industries. Highly successful 

applications also include the measuring of selenium 
on aluminium, coatings of paint and lacquers, density 
of wood chips, coatings of grit on abrasive papers 

and padding and resin impregnation in the textile 
industry. But the potential of Baldwin Atomat 


, Send for the Baldwin Brochure LP. 124 
Nucleonic Gauges has hardly been tapped. It gives full information on 


Is there a place for them in your plant? Atomat Gauges clearly and concisely. 


Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 
Telephone: Dartford 2948 & 6411 ~- Cables & Telex: Baldwin Dartford 


A HARPER GROUP COMPANY 822A 


INSTRUMENT DIVISION 
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a compact and versatile 


VARIABLE POWER SUPPLY 


for every laboratory 


Type PV-250-A is a compact and versatile general-pur- 
pose laboratory power supply, providing continuously 
variable d-c output of 0-250V at 50 mA, and fixed 
a-c output of 6.3V at 1.5A for heater supply. 


A voltmeter is incorporated, and three ranges, 0-10V, 
0-50V & 0-250V, enable the output voltage to be set 
and read accurately at all levels. 

The output can be taken either from insulated jack-top 
terminals at #” spacing on the front or from a multi- 
point socket at the side, for more permanent connec- 
tion (a mating plug is provided). 


Blaude Lyons Hid. 


















TYPE PV-250-A 
VARIABLE POWER SUPPLY 
PRICE: £38 NET 


Leaflet on request. 


VALLEY WORKS - HODDESDON . HERTS 


Tel : HODdesdon 4541-4 
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THE SECRET OF HIS SUCCESS.... 





DELTA 


. is his dependability in areas containing 
explosive or inflammable materials. 
why he’s so popular in the Oil, Mining and 
Chemical Industries where these hazards are 
most often encountered. 
belongs to is known as the Delta “‘F”’ series 
of Pressure Switches, covering between them 
a range of pressures from 0 in.-2 in. w.g. up to 
10 tons p.s.i. It’s a very large family—over 
200 of them all told, each with his own special 
characteristics, each one Certified Flame- 
proof (Buxton) and each one an example 
of the best technical practice. 


That’s 


The family he 


Technical Services Ltd. 


DELTA WORKS, COWLEAZE ROAD, KINGSTON-ON-THAMES, SURREY. 


Telephone: KINgston 9568 (3 lines) 
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THE NEW ce: 
HEAVY DUTY MULTICON 
PLUGS AND SOCKETS 


This new Painton range is fitted with covers of cast alloy for 
strength and rigidity in heavy duty applications. 

It is available in 4, 6, 8, 12, 18, 24 and 33* pole sizes. Illustrated is 
the 24 pole size. 


*33 pole model available shortly. 


Working Voltage: 

1,000 volts D.C. or A.C. (peak) or 
500 volts D.C. or A.C. (peak) in 
tropical use. 

Current rating: 

5 Amps D.C. or A.C. (R.M.S.) per 
contact. 

Average contact resistance: 
Below 0.002 Ohms. 











1 Terminal numbers are moulded into 
plug and socket bodies, both next to 
soldering tags and on mating face. This 
facilitates wiring and cableform testing 
without removing covers. 


2m] Socket clips have split limbs so that 
4 areas are in contact with each plug 
blade. Contact resistance is low and 
constant, providing a high standard of 
contact reliability and a minimum life 
of 10,000 operations. 


3 In both plug and socket assemblies the 
same two-part covers are used. One part 
carrying the cable clamp is attached to 
the body moulding and need not be re- 
moved. The outer enclosing part is only 
fastened down after joints and wiring 
have been checked. , 


4 A wire retaining loop clips over the 
radiused corner of the cover and engages 
positively with a cast groove. 








Write for full catalogue 


sx Painton&Co. Ltd. 


PAINTON 


Qe KINGSTHORPE - NORTHAMPTON 
Tel: 32354/7 - Telegrams: ‘Ceil’ Northampton 


_—. 
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SUN VIC 


instruments 
and complete 
instrumentation 















N= 2 bt oe fm 6 hem em 





Cc 

mi 

ou 

1% 

an 

2 

me 

Te 

a , col 

\ S 

a1. OC c €) 

ee a pel 

(Yar. * lim 

oy: AS 1,0 
Assembly of hot wire vacuum switch relays. 
Sunvic manufacture a variety of pneumatic, 
electronic and electro-thermal instruments; in 

addition they engineer complete projects for 

integrated process measurement and control , 
systems including data transmission and 

logging. 
Sunvic, an all-British company pioneered the ae 


introduction of pneumatic force-balance instru- 
ments in this country, and has a vast background 
of technical knowledge and development in the 
application of pneumatic instrumentation. 
Extensive research, design and engineering 
resources can be brought to bear on any project. 
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Components and electronic 
instruments 


Precision Pulse Generator: for use in any 
application requiring a shaped pulse of stable and 
accurately known amplitude. Pulse widths of 

1,5, or 25 usecs. Main Amplitude control over 0 40V 
to a linear accuracy of :*80mV and incremental 
control over 0-1.24V to - 2mV. Overall amplitude 
stability better than + 0.025%. 

High Speed Potentiometric Recorders: 

single or multi-trace, a choice of 13 different 
input units and numerous additional facilities; 

27 different chart speeds from 1” per hour 

to 3” per minute. Can be supplied with speed of 
response of 1 sec. and guaranteed calibration 
accuracy of + 0.5”, f.s.d. 








Pneumatics Complete systems 


| 
Controllers: will accept any pneu- | Sunvic will design and engineer 

matic signal from transmitters giving | complete projects for integrated systems 
output up to 50 p.s.i. Will withstand of process measurement, recording 

120g shock with less than 1°. zero shift: | and control, including data transmission 
ambient temperature limits —60 F. to and logging. This graphic control 

-225°F. Sensitive to changes in | panel is one supplied for the platforming 
measured variable of 0.01%. | unit at the Anglo-Iranian refinery, Aden. 

















Temperature Transmitters: true 

constant volume type, helium filled. 

Sensity 0.01". of full scaie. Tein- 

perature spans 50 F. to 900 F; ambient ' 

limits —60°F. to +200°F. Max. temp. | 

1,000 F; min. temp. — 328 F. | 
h relays. | 

| 
imatic, | 
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n and ! 
red the —_——_— — CO - Sunvic ee meerumentation t TP 
instru- pA ae ya ots 
3SEX 

cground A 
t in the 
ntation. 
ineering 
project. 


\SONVIC 


An A.E.1 Company 
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This new 


mark Dectenscentl | 
multelec 


recorder— 
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Chart-drive gear 
train and multi- 
point mechanism 






































R 
A 
Tt 
Chart frame swung away for ready access to main-frame components 
Multi - point printing St: 
mechanism with self- —uses the same system and components as those in the 
lubricating pen-carriage 3 7 ‘ 
pees electronic circular-chart recorder in the KENT 
/ 
Commander range. It retains, however, the same easy- A. 
to-read strip-chart (10 in. width) used in the Mark 2 
Multelec instrument. The Mark 3 is available for the 
measurement of such variables as temperature, oxygen 
percentage, millivoltage, reactor power level, and—for 
certain applications—Mark 30 automatic control is 
included. 
Re 
Outstanding features include: na 
@ All-mains operation—no batteries; continuous standardization 
Mark 3 Multelec recorder @ Availability in single-, 2-, 3-, 4-, 6-, 8-, 12- and 16-point form (temp.) Nex 
@ 2-second full-scale travel Ney 
@ High-speed, deadbeat balancing on both a.c. and d.c. inputs Pub 
@ Wide choice of chart speeds, from j in./hour to 4 in./minute 
@ High-gain amplifier, with synchronous converter having extremely low drift 
@ Multi-point printing intervals of 5, 10 or 20 seconds depending on application 
@ Mark 30 Series air-operated automatic control is provided when required 
~~ (single-, 2-, or 3-term); also electric on/off control 
° For full details write now for Publications 293 and 295, or telephone General P ub 
M a S t 2 r S 0 f I n S t r u m e nt a t 1 O n Industrial Contracts Department (Luton 2440, Ext, 8) for a quotation. 
GEORGE KENT LIMITED . LUTON : BEDFORDSHIRE 


Factories, Subsidiary Companies, and Branch Offices in London - Resolven - Hitchin - Toronto - Montreal - Vancouver 
Melbourne - Sydney + Johannesburg + Salisbury - Penang - Bangkok - Brussels - Krefeld - Vienna 
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Solartron regulated power supply units offer 
a ready made and absolutely reliable source of 
packaged power, either for separate use, or 
direct incorporation into prototype and produc- 
tion equipment, including computers, simulators, 


L_ eh ESE RO <i RB . . 
industrial controls, etc. 


ASS550 A typical chokeless Power Supply Sub-Unit with 
continuously variable output + 200-300V, 100mA. 











% Stable under all conditions. 


%* Robustly made. 





% Completely reliable. 
* Light, compact, inexpensive. 
* Easy to fit. 


%* Exceptionally useful as bench instruments for 


educational and servicing establishments. 





W"————_— —_— 
Pd ss ~o Pay, 
nm ~~ 


‘i oe , N 


7 


/ - ~ 
AS754 A Sub-Unit giving + 250-300V at up to 200mA. ! ? bs } 
F — ‘“ 
= SOLARTRON 
/ ~*~ er \ 
\ ny “a ! 











THE SOLARTRON ELECTRONIC GROUP LIMITED 
THAMES DITTON SURREY 
Telephone: EMBerbrook 5522. Cables: Solartron, Thames Ditton ™ i alll  ) 
International Telex: 23842 Solartron T.Dit. Saas — = 
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[MENT 
ELECTRONICS 


INST: 
AUTOMATION 








COMMENTARY 


Education in Readers will remember the Presidential 
Instrumenta- Address by Mr. J. F. Coales to the 
tion Society of Instrument Technology on 
the Education of Instrument Technolo- 
gists and Control Engineers on page 623 of our June 
issue. In a parallel vein, the Institute of Physics is 
preparing to consider modified forms of National Certi- 
ficates in Applied Physics to cater for technicians 
working in instrumentation and control. The proposals 
are intended to apply to the Ordinary and Higher 
National Certificates in Applied Physics. The general 
suggestions are as follows: 
Ordinary National Certificate-——The first year might 
consist of mathematics, physics, engineering drawing, 
instrument workshop practice. The engineering 
drawing should approximate both in time and in the 
standard achieved to’ that of the first year of the 
Ordinary National Certificate in Mechanical or Electri- 
cal Engineering. The second year might consist, as 
now, of mathematics, physics and chemistry, with the 
additional subject of instrument technology and 
practice; in the third year the subjects could be mathe- 
matics, physics and applied physics, with instrument 
technology as an addition. Students succeeding in 
this course would receive an Ordinary National Certi- 
ficate in Applied Physics endorsed in the subject of 
Instrument Technology. 
Higher National Certificate—The first year of this 
course could consist of mathematics, physics and 
instrument technology, the last subject dealing particu- 
larly with the properties of materials and the applied 
mechanics appropriate to the subject. In the final 
year mathematics and physics would be taken with 
instrument technology (or automatic control), with 
some emphasis upon whatever aspects of these sub- 
jects might be appropriate in the light of local needs. 
Successful students would then receive a Higher 
National Certificate in Applied Physics (Instrumenta- 
tion). The Committee hope that as precision engineer- 
ing is an important part of instrument technology, the 
engineering aspects of the subject would be borne in 
mind throughout the course. 


Whatever the outcome of the proposals, it is a 
welcome feature that the instrument technician, an 
important member in the field of instrument personnel 
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and somewhat neglected hitherto, is receiving more 
attention relative to his education. 


Demonstra- There are several ways in which one 
tion Vans may demonstrate instruments in a 

working condition to potential users. 
The exhibition has been and will remain the chief 
means of demonstrating products since a vast clientele 
can be seen both at a specialist show such as the 
Instruments, Electronics and Automation Exhibition 
or one devoted to a particular industry such as the 
Chemical and Petroleum Engineering Exhibition. 
Opinions have varied as to the value of an exhibition, 
but the fact remains that it is still the principal means 
of attracting the right personnel in large numbers to 
one place within a given period. An alternative exists 
of inviting instrument engineers from the user com- 
panies to the manufacturers’ works. The numbers one 
can handle here, however, without continuously 
devoting staff to this purpose is somewhat limited. A 
more attractive proposition is to take the instruments 
to those likely to be interested. This is being done by 
means of demonstration vans which generally include 
a wide range of the firm’s instruments. Neither the 
initial cost nor the running costs of such vans are low, 
but the prospects of being able to cover wide areas of 
the United Kingdom and foreign countries possess 
several advantages. Not the least of these is that 
discussions can be carried out in a more intimate 
manner than against the somewhat busy background 
of an exhibition. In so far as foreign countries are 
concerned, the advantages of having a working instru- 
ment are obvious. Personal contacts made under these 
conditions are often more fruitful than those made 
elsewhere. Many of our instrument manufacturers are 
relatively small, and could not afford to equip and 
operate a demonstration van. For them there does 
remain a form of alternative in the travelling exhibition 
which one or two trade associations, notably SIMA, 
have promoted. Another introduction by the latter 
association is the permanent exhibition at their head- 
quarters at which a representative range of member’s 
products can always be seen. The fact remains, how- 
ever, that Mohammed will not and cannot always 
come to the mountain, and it appears profitable to take 
at least some of the mountain to Mohammed. 
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NOW 


600 Mc/s TRAN 
FROM [EX 


Complete transistorisation of highband v.h.f. and of 
much u.h.f. equipment is now a reality with the 
introduction of two new Texas Instruments diffused- 
base germanium transistors, the 2N1142 and the 
2N1143. 

With an alpha frequency cutoff of 600 Mc/s for 
the 2N1142 and 480 Mc/s for the 2N1143, and a 
total dissipation up to 750 mW at 25°C these tran- 
sistors will have wide application in airborne com- 
munication and navigation equipment. For added 
reliability these diffused-base transistors are enclosed —‘{a" maximum mechanical strength and heat 


dissipation, the Texas diffused-base con- 
in the JEDEC-T05 welded case struction = — directly on to 
. the header. 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE: BEDFORD 68051 DALLAS ROAD BEDFORD CABLES: TEXINLIM BEDFORD 


SISTORS 






7.37 
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Resistivity Prospecting 


By J. H. MORGAN, M.A., A.M.1.E.E.* 


Introduction 

N many fields of engineering it is essential to know 

the microgeology, or at least some properties of the 
strata, at the site of the proposed works. The civil 
engineer may need to know the depth of alluvial clay 
along a proposed road, the architect the length of 
piles required to reach a rock foundation, the water 
engineer the points of outcrop of some rock strata, the 
archaeologist the site of some silted earth works or the 
electrical engineer the best site for installing earthing 
rods. Usually, the general nature of the geology of the 
district will be known and a method which might not 
be sufficient as an exploratory tool may give enough 
information to enable a reasonable interpolation to be 
made. 

There are several techniques available for deter- 
mining the microgeology of an area. These include 
borehole examination, seismic, gravimetric, magnetic 
and resistivity surveys. The last method is easy and 
cheap to carry out though it has the limitations that it 
can only be used with simple geological configurations 
in flat country where there are distinct changes in 
resistivity that can be correlated to the strata. These 
do not detract from its usefulness to the engineer who 
will most commonly be looking for a definite change in 
properties—as that which accompanies the transition 
from clay to rock—which can easily be detected. The 
method gives a unique solution only in geologically 
uncomplicated areas and the interpretation of the 
results is simple, particularly when used to interpolate 
between areas of known structure. 


Electrical Resistivity 

There is a wide range of electrical resistivities 
amongst the common geological formations from clay 
soil at a few hundred ohm cm to rocks at several 
hundred thousand ohm cm; almost equally large 
differences exist between dry and waterlogged strata 
particularly if the included water is of low resistivity. 
These changes in resistivity at geological dis- 
continuities, and at the water table in porous rocks, can 
be detected from a survey at the surface. The electrical 


* Sturtevant Engineering Co. Ltd. 
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resistivities of several common formations are given in 
lable 1 and are compared with three materials used in 
electrical engineering—copper, selenium and polythene. 


TABLE | 

Electrical resistivities in ohm cm 
Copper ie . ISX 10 
Selenium baa ww oF 
Loam soils 100 — 5,000 
Clays pats 300 — 8,000 
Sands and gravels 2;000 — 50,000 
Marls ... mt ... 500 — 10,000 
Limestone 500 — 1,000,000 
Sandstone 2,000 — 100,000 
Granite ey 100,000 — 500,000 
Polythene _... » —_— 


Resistivity Measurement 

Resistivity is an intrinsic property, that is, it depends 
upon the nature, not the extent of the object, and is 
usually determined by measuring the resistance 
between two faces of a sample of particular size and 
shape. The simplest method used to determine the 
resistivity of the ground is due to Wenner and employs 
four metal electrodes driven into the ground equally 
spaced along a straight line. Current is caused to flow 
between the outer pair of electrodes and is compared 
with the potential developed between the inner pair 
as shown in Fig. 1. 

The ratio of this potential to the current can be 
measured as a resistance R and the resistivity p is 
related to this by equation (1) 

See = |. 8s ee eww ee (1) 
where a is the electrode spacing and the rods are 
driven less than a/20 into the ground. 
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Fig. 1. The Wenner or four pin method of measuring 
soil resistivity 
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Fig.2. Twolayer 


resistivity model 
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In the derivation of equation (1) it is assumed that the 
ground is homogeneous but this will not usually be the 
case and the value of resistivity, called the apparent 
resistivity, calculated using this equation will be the 
sum of the contributions from several strata. Only 
those strata that are within a distance equal to the 
electrode spacing will contribute significantly to the 
measured resistance so that moving the electrodes or 
altering their spacing will include different volumes in 
the determination. From the variation of the apparent 
resistivity with the changes in the electrode configura- 
tion the geology can be deduced. 

There are two kinds of survey that can be used with 
the Wenner method; either the spacing of the electrodes 
can be increased about a central point when the 
apparent resistivity determination will include 
successively larger volumes of ground or the four 
electrodes can be moved together along the surface and 
a series of resistivity measurements made along a 
traverse. Additionally the Wenner method may be 
modified from the simple equally spaced arrangement 
so that certain features are accentuated. 


Survey Results 
Interpretation 

The result of the survey will be a serics of apparent 
resistivity measurements at a number of spacings or 
points, and the logarithm of the apparent resistivity 
is plotted against the logarithm of the spacing or 
distance. If a similar survey is made on a model in 
which the resistivities correspond to those of the 
actual site but all the distances are greatly reduced 


Fig. 3. 
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Plot of log pin spacing and log apparent resistivity 








then the curve obtained by plotting the logarithms of the 
apparent resistivity and distances (to the same scale) 
will be identical with the field determination but 
displaced from it along the distance axis. Similarly if 
the resistivities are altered but retain the same ratio 
of magnitudes the curve derived from the model will 
be the same shape now displaced along the resistivity 
axis. Therefore if the curve obtained from the field 
observations is compared with some curves plotted 
from models, the geology of the site is resolved when 
two curves are found to fit without rotation. 

The translations of these curves give magnitudes of 
the distances and resistivities, the ratio of these being 
implicit in the curves. 


Two Layer Model 

A simple, and perhaps, the most important case can 
be considered as an example. Suppose there is an area 
in which a layer of depth d and resistivity p, overlies 
an infinitely thick layer of resistivity p, as in Fig. 2. 

A survey is made by the expanding electrode 
spacing technique and the results are plotted to give a 
curve as in Fig. 3. Experiments on models—or a 
mathematical calculation in such a simple case—give 
a series of curves as Fig. 4 in which various ratios of 
resistivities are shown. The line where the electrode 
spacing equals the depth of the over-burden (a=d) and 
where p,=f, are also drawn. The curve for the case 
~P,=Np, is found to fit the field curve when they are 
translated relative to each other and under this con- 
dition the line a=d coincides with the point where the 
field electrode spacing equals the depth of the over- 
burden. The resistivity of the top layer p, is given by 
the intersection of the line p,=p, with the apparent 
resistivity axis, and the resistivity of the lower layer is 
calculated from the ratio p, : ps. The geology at the 
point of survey is thus determined. 

This is the simplest case and three or four layer 
stratifications occur which are more difficult to resolve. 
In general the details of these layers are not important 
to the engineer and he can reduce his problem to one of 
a single change of strata. It is possible to use the two 
layer interpretation under many conditions by sum- 
ming two strata to give an equivalent single layer. If 
the two strata have resistivities p, and p, and are d, 
and d, thick they have the same effect as a single 
layer resistivity depth d, + d, and _ resistivity 
(d, + d,)/(dy/p, + dyjp.). Occasionally this approxi- 
mation will not work and one exception is the occurrence 
of a thin layer of low resistivity which conceals the 
strata beneath it. These configurations are susceptible 
to the same model techniques that were used with two 
layer systems but the number of possible variations 
prohibits any simple cataloguing of the results. 


Outcropping Strata 

Where strata outcrop the methods of resistivity 
prospecting are much easier. Surface surveys at 
comparatively short electrode spacings reveal the exact 
area of outcrop. Sloping beds can be analysed by 
establishing their outcrop and plotting their depth 
where they are overlain. The system is shown dia- 
grammatically in Fig. 5. 

Where a more complex geology is to be resolved and 
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its approximate configuration is known, a model can be 
made of it and the best method of survey, the results 
to be expected in the field and their interpretation can 
be determined. 

Tagg, in his recent search for King John’s treasure 
used this technique in searching for the buried cause- 
way across the Wash. 

A modification of Wenner’s method finds considerable 
uses where thin vertical strata, such as dykes, are being 
investigated. The two potential pins are spaced more 
closely together and the system is used to traverse the 
area in short steps. If the electrode intervals are a, 
b and a respectively the apparent resistivity will be 
given by equation 2 

(a + b) 
deka” R 

One of the current electrodes can be made remote 
from the other three and only the two potential probes 
moved together. Then the apparent resistivity, to 
which the inter-potential electrode volume will contri- 
bute most significantly, will be given by equation (3) 
in which the inter-electrode spacings are a, b and oo. 

(a + b) 
p = 2a - R 


5 


Field Techniques 


The amount of labour available and the nature of the 
country control the method of survey used in the field. 
Surveys using the expanding electrode spacing require 
four labourers as well as the engineer and his assistant. 
This number allows all the electrodes to be manned and 
they can be moved quickly if the positions at which 
they are to be placed are clearly marked. By compari- 
son if only two labourers are available the work takes 
more than twice as long and in doing so uses twice the 
engineering man-hours. The cables used with this 
technique will be long, 3a/2, and they may be wound 
onto portable reels or they may be laid out on the 
ground and the electrodes brought into the centre by 
looping the cables and then taken out again. The whole 
of the equipment is moved to a new site when the cables 
are in either of these positions—extended or looped— 
by dragging the cables along the ground. The cable 
reels would have to be carried and the nature of the 
country suggests the easier method. 

The traverse methods can be operated in a number of 
ways according to the type of information required. 
Archaeologists usually employ a system in which the 
end electrode is carried from one end to the other and 
as this process is repeated the whole moves forward. 


EXPANDING ELECTRODE SURVEY TO 


TRANSVERSE SURVEY TO LOCATE 
DETERMINE DEPTH OF STRATUM OUTCROP 





Fig. 5. 


Exploration of sloping strata 
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Fig. 4. Plots of change of apparent resistivity with pin 
spacing for various resistivity ratios in the two layer model 


More than four electrodes can be employed and a 
rotating switch used to select the current and potential 
probes. Each step in this type of survey will be of one 
electrode spacing; while in other systems the four 
electrodes are moved together in steps that can be 
larger or smaller. Occasionally the surveyor wishes to 
make a number of determinations at various spacings 
at each point on a traverse to eliminate any topsoil 
effects. Ten probes can be driven into the ground along 
a straight line and from them groups of four can be 
selected equally spaced, a, 2a, 3a, 4a and 6a apart. 
The ten cables and the measuring tape can be made into 
one unit which can be transferred rapidly and 
accurately from one place to another. This type of 
survey finds much use in corrosion engineering as it 
locates pockets of low resistivity and of highly corrosive 
soil. A switching system for use with this type of pin 
assembly or harness has been incorporated at the 
writer’s suggestion into the corrosion model of the 
Tellohm soil resistance meter. 


Practical Survey 

The usefulness of this simple method of prospecting 
is well illustrated by a survey that the author carried 
out in the Taw Marsh area of North Dartmoor. The 
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river Taw rises on the moor and flows northwards 
through a wide flat valley that is quite uncharacteristic 
of the area. The flatness of the valley floor and its 
sudden fall off to the north suggested to the local water 
engineer that the valley may be a silted up lake. 
Extrapolation of the valley side section and corre- 
lating these with the lower valley contours showed 
that the main body of solid granite may lie some 
hundred feet or more below the valley floor. If the 
valley contained a silted lake then it could be used as a 
site for wells. Drilling or any exploration technique 
using heavy equipment would be costly because of the 
poor access to the area and the reluctance of the local 
preservation authorities to open up the old roads. A 
new series of soil resistance meters had recently been 
developed using a battery-operated vibrator and were 
light enough to carry into the valley. The manu- 
facturers Nash & Thompson Ltd. made their prototype 
geophysical instrument available and resistivity pros- 
pecting was discussed with the water engineer. A 
survey to give some details of the depth of the valley 
floor was initiated. 

The expanding electrode spacing technique was used 
to make a series of depth determinations along a line 
from south to north along the valley roughly parallel 
to the main stream of the Taw (Fig. 6). The electrode 
spacing was varied from 10 ft to 540 ft, the steps 
increasing at the larger spacings. At the north end of 
the valley a series of expanding electrode measurements 
were made to shorter final spacings to check on the 
existence of a barrier. 

The valley was not flat, neither on a small scale 
because of the river gorge, some 8 ft to 10 ft deep at the 
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Fig. 7. Geophysical Tellohm 


northern end, nor on a large scale because of the valley 
sides, again most noticeable in the north. These effects 
did not appear to upset the results and at no time did the 
interpretation suggest that these features had been 
detected. 

The survey team consisted of the author, a colleague 
and four labourers supplied by the Water Board. The 
survey lasted for two weeks and the interpretation of 
the results and report preparation consumed about 
another week’s time of the engineers, a draughtsman 
and a typist. The capital equipment used on the job 
cost about £250 including a new resistance instrument, 
the geophysical Tellohm (Fig. 7); for transport the 
team relied on a Land Rover which they were able to 
drive over the moor to the area. From these require- 
ments it can be seen that the survey costs were modest 
and the work was completed within a few weeks of it 
being commissioned. The subsequent drilling to tap the 
water proved the accuracy of the method which— 
though no one would have been optimistic enough to 
suggest it—was better than +10%. 

There is considerable literature on this method of 
survey though it appears to be little used. The simple 
interpretation and low cost of the survey should appeal 
to engineers and the improved resistance meters now 
available are light, easy to use and low in price. 
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NEW PATENTS 


The following extracts have been taken from specifications 
obtained from the Patent Office, and permission to publish 
has been given by H.M. Stationery Office. The Official Journal 
Patents can be obtained from the Patent Office, 25 Southampton 
Buildings, London, W.C.2. 


Patent No. 799,550. Electronic Computing Appara- 
tus. 

Powers-Samas Accounting Machines Lid. 
R. P. B. Yandell.) (Application No. 3511/56.) 


This invention features such an apparatus particu- 
larly to programme controlled electronic computing 
apparatus which is designed to operate on numbers 
based on different scales of notation. 


(Inventor : 


Patent No. 799,584. Electronic Computing Appara- 
tus. 

Powers-Samas Accounting Machines Lid. (Inventor: 
R. P. B. Yandell.) (Application No. 30550/55.) 

This invention feattires an apparatus of the kind 
comprising a binary coded adder and means to read 
two binary coded digits simultaneously from a store 
and to transmit them to the adder. A main object of 
the invention is to provide a relatively simple apparatus 
whereby decimal or sterling amounts to be added can 
be transmitted to a coded binary adder for addition 
thereby and the answer obtained according to the 
scale of notation of the input digits to the adder. 


Patent No. 799,663. 
cording Systems. 


Lancashire Dynamo Electronic Products Ltd. and 
Reginald Humphrey Whitlock. (A pplication No. 7253/54.) 

This invention is concerned with remote systems for 
indicating or recording at a distance the movement of a 
pointer-spindle or other part of a measuring machine 
which receives a movement dependent upon the magni- 
tude of the quantity being measured. It is particularly 
applicable to indicating weight measurements at a 
distance from the weighing machine but can also be 
used for measurements made by other machines or 
instruments. The principle of the invention comprises 
the provision of a number of light-sensitive devices 
arranged to be irradiated through one or more gaps or 
openings in a mask mounted on the pointer-spindle of 
an instrument arranged to receive a movement depen- 
dent on the magnitude of the quantity being measured. 
The light-sensitive device irradiated through the gap or 


Remote Indicating and Re- 
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opening which registers the measurement transmits a 
signal to the distant reading station. 


Patent No. 799,773. Apparatus for Indicating the 
Rate of Flow of a Fluid 

H. M. Hobson Ltd. and Horace Fellows. 
No. 6680/55.) 

The invention has for its main object the provision 
of a ratemeter for summing two or more instantaneous 
rates of flow as indicated by a corresponding number of 
similar flowmeters. A ratemeter is therefore provided 
common to the flowmeters and comprises a number of 
mono-stable flip-flops of the same time constant, one 
associated with each flowmeter. Each of these comprises 
an electrical transmitter arranged to generate electrical 
pulses at a rate determined by the rate of flow and 
these pulses are applied to a control electrode of the 
normally non-conducting section of the associated 
flip-flop. A device measures the current in an anode 
circuit common to the anodes of these sections of the 


flip-flops. 


(A pplication 


Patent No. 800,000. Timebase Circuits 
Fernseh G.m.b.H. (Germany). (Application No. 
36726/56.) 

The invention features a timebase circuit for 
generating deflection coils associated with a cathode ray 
tube. It comprises a shift circuit including at least one 
rectifier fed with a fraction of the voltage arising across 
the deflection coils and means for feeding a desired part 
of the unidirectional output current of the rectifier 
through the deflection coils so that the maximum 
voltage drop on the shift circuit is not substantially 
greater than that due to the ohmic resistance of the 
deflector coils. Further claims for operating the time- 
base circuit follow on to this feature. 


Patent No. 800,012. Digital Data Storage Appara- 
tus and Methods Employing the Spin-Echo Tech- 
nique 

Habiaaliteies Business Machines Corporation (U.S.A.). 
(Application No. 22583/55.) 

The spin-echo technique comprises a method of 
storing information in the form of electrical pulses 
applied to samples of suitable chemical materials and 
subsequently recovering the information as ‘‘echo” 
pulses produced by free nuclear induction and the 
object of the invention is to provide an improved 
method of information storage thereby. 


(Continued on page 1053.) 
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Fig.1. Photograph of sedimentation balance 
Introduction 


LARGE variety of methods have been used for 

the measurement of the particle size distribution 
of powders in the sub-sieve range (less than 53 microns, 
particle diameter). One of the most versatile methods 
is that of liquid sedimentation in which the dispersed 
powder settles through a column of liquid. The powder 
may be introduced at the top of the column or, more 
usually, is uniformly dispersed throughout the body of 
the liquid. 

The observations may be of the change in the con- 
centration of solid material, with time, at a given 
depth of liquid by direct sampling (Andreasen pipette), 
by the attenuation of a light beam (Photo-sedimento- 
meter), or by following a zone of constant density by 
means of a diver or hydrometer. Alternatively the rate 
of accumulation of sediment may be measured; either 
discontinuously, by extraction of the sediment from 
the bottom of the settling tube at fixed times, followed 
by drying and weighing, or continuously, by immersing 
a balance pan in the suspension. The latter method 
is the principle of the sedimentation balance. 

The balance has certain advantages over the other 
methods in that it can be made so as not to interfere 
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A SEDIMENTATION BALANCE 


PARTICLE SIZE ANALYSIS 


By L. COHEN’, Ph.D., D.I.C., F.Inst.P. 


A description is given of the design and operation of a liquid sedi- 
mentation balance for particle size measurement in the sub-sieve 
range. Special emphasis is laid on the preparation of samples. Future 
development as a recording instrument is outlined. 


with the settling of the suspension as do the pipette, 
diver and hydrometer methods. It requires quite low 
concentrations of solid in the suspension, thus avoiding 
difficulties of mutual, particle interference. A wide 
range of liquids of varying viscosity and density can be 
used to give the correct settling conditions whereas 
if such liquids were used with the pipette, or any other 
method where drying of the sample is involved, 
further washing and centrifuging treatment would be 
necessary. Finally the calculation of the results 
depends only on Stokes’ Law and does not involve the 
more complex relationships necessary in the photo- 
extinction methods. 


Balance Design 

The original design of the sedimentation balance 
was given by Oden! in 1915 and various modifications 
have been suggested since that time. Three models are 
at the moment commercially available: two recording— 
the Satorius Sedimentation Balance? (made in Germany) 
and the Shimadzu Sedimentograph® (made in Japan), 
and one non-recording—the Gallenkamp Sedimentation 
Balance (made in Great Britain). This latter instrument, 





* Research Department, Simen-Carves Ltd., Stockport. 
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Fig. 2. Diagram of sedimentation balance 


which is based on the design of Bostock‘, is the main 
subject of this paper. It has not previously been de- 
scribed but has been in use for some six years and it was 
thought worthwhile to record the experience gained in 
dealing with a wide variety of powders over that period. 


Description of Instrument 


A photograph of the instrument is shown in Figure 1, 
and a diagram in Figure 2. The instrument consists 
essentially of a graduated glass sedimentation tube 
surrounded by a water jacket for thermal stabilization. 
The lower end of the sedimentation tube is covered by a 
metal balance pan, there being a clearance of about 
05 mm between the pan and the tube. The pan is 
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connected to a torsion wire which carries a long light 
pointer at the end of which is a graticule. An image of 
the graticule is thrown on to a ground glass screen and 
the reading gives a measure of the loading on the 
balance pan. A sensitivity control is attached to the 
torsion wire to enable the sensitivity to be maintained 
approximately constant whatever the densities of the 
solid and liquid being used. 

The lower end of the sedimentation tube and the 
balance pan are surrounded by the “‘clear-liquid tank’’. 
The upper end of the tube communicates to both the 
bottom and the top of the “pre-mixing vessel’’ by 
separate flexible pipes carrying spring clips. 


Operation 


The balance pan is clamped in position over the end of 
the sedimentation tube and the clear-liquid tank is 
filled to above the level of the pan with the liquid to be 
used as the medium in the sedimentation. The appro- 
priate volume (about 225 ml) of suspension is poured 
into the pre-mixing vessel, the inside surface of which is 
coated with a silicone liquid-repellent to ensure that 
a negligible amount of the sample is retained, and the 
stop-cock at the top of the vessel closed. As quickly 
as possible the two spring clips are opened and the 
suspension run into the sedimentation tube. As soon 
as all the suspension has been transferred the clips are 
closed and a stop-watch started. 

The balance pan is released and the first reading of the 
balance scale is taken at 15 seconds, then at 30 seconds 
and subsequently at times increasing by a factor of 
2. It has been shown® that the use of this interval, 
rather than the more usual factor of 2, leads to con- 
siderably improved accuracy. 

The scale readings are directly proportional to the 


- fractional weight of the solid in the suspension deposited 


on the pan. The reading corresponding to the total 
weight of solid is obtained by allowing the sedimentation 
to continue until the liquid is clear and a steady 
reading is obtained. It is not necessary to measure the 
weight of the solid going into the suspension when the 
original preparation is being made. It may, however, be 
inconvenient to leave the balance until no further 
deflection occurs, particularly if there is a fairly wide 
range of sizes with an appreciable proportion of very 
fine material. In this case a calibration can be simply 
obtained by a separate settling test (which does, 
however, involve a knowledge of the concentration of 
solid in the suspension). 

It is essential that the temperature of the sedimenting 
suspension be kept as constant as possible. In a normal, 
draught-free room the water jacket is usually sufficient 
stabilization although it may be necessary to circulate 
water from a thermostat bath. A constant-temperature 
room is an advantage. 


Calculation of Results 

In the sedimentation process where the solid is 
uniformly distributed throughout the liquid the 
fractional weight p, deposited in time t, is made up of 
two components: 

(a) the whole of the fraction of the material of size 
greater than, or equal to, that size which would 
just fall the whole height of the suspension in the 
time t (denoted by w). 
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Fig. 3. Calculation of fractional oversize from deposition 
curve 


(b) a fraction of the material of smaller size. This is 
the factor introduced by the solid being distri- 
buted throughout the sedimentation column 
instead of being introduced at its top. This 
contribution is due to smaller particles falling 
shorter distances and Oden! showed that it is 
equal to t(dp/dt). 

Thus, the basic equation of the instrument is: 
p = w -+ t(dp/dt) 

As was first pointed out by Gaudin, Schuhmann and 
Schlecter®, this can more conveniently be written 

p = w + dp/d(Int) 
and for purposes of computation the equation is 
transposed, viz: 

w=p—dp/d(int) ........ (3) 
w is the fraction (by weight) of the particles greater than 
a diameter d (in microns) which is calculated, by Stokes’ 
Law, from a knowledge of the height of the suspension 
above the balance pan (h, cm), the density of the solid 
(o, g/ml), the density of the liquid (pg, g/ml) and the 
viscosity of the liquid (n, poise). 

The relation is: 

; 18hn 

d? = —— 

(o — p)tg ; 
where t is the time (in seconds) and g the acceleration 
of gravity (in cm/sec?). 

In other words, in a given test there corresponds to 
any time t a particle diameter d. 

The experimental results are plotted in the form; 
fractional weight deposited (p) against the natural 
logarithm of the time (Int) (see Fig. 5) and dp/d(In t) 
obtained by graphical differentiation of the curve at 
appropriate values of t. 

The calculation is much simplified by the following 
method devised by Bostock’: the tangent to the curve 
is drawn at a convenient value of Int, say Int, for 


Or (4) 
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which the fractional weight deposited is p, (Fig. 3), 
then the intercept (y,) made by this tangent on the 
ordinate at (Int,)—1 is equal to w. The proof of this is 
easily demonstrated since 


[dp/d(In t)], = 3(y2 — yy) 


where y, is the intercept of the tangent on the ordinate 
at (Int,) + 1 

and py = 3(Y2 + Yi) 

sow = p—dp/d(int)=y, ...... (7) 

An alternative method of calculation which does not 
involve the drawing of the deposition curve has been 
described by Stairmand’. 

The recording of the results and the subsequent calcu- 
lations are considerably facilitated by the use of printed 
data sheets. Details from a typical sheet, of the kind 
used in the author’s laboratory, are given in Appendix 1. 


Preparation of Samples 

The original sample must first be reduced, by standard 
methods of coning and quartering and the use of riffles, 
to a quantity which will give a volume concentration in 
the sedimentation tube of between 0-05 and 0-2 per cent. 

The preparation of a fully dispersed, non-flocculating 
suspension is the key operation in the successful use of 
all liquid sedimentation methods. There are, un- 
fortunately, no universal rules which can be applied 
in such preparation. 

In the first place the choice of liquid to be used in the 
balance depends on three main factors. (a) Its density 
and viscosity should be such that the powder falls out 
in a reasonable time. Too long a time is inconvenient 
and may lead to inaccuracies due to instability in the 
column, and too short a time reduces the accuracy of 
the calculation. (b) It must be possible to disperse the 
powder in it, with or without a dispersing agent. (c)There 
must be no chemical or physical action between the 
liquid and the powder. 

The second of these factors is usually the most impor- 
tant but the choice of dispersing agent is made very 
much by trial and error. Lists of dispersing agents for 
various materials have been given by Andreasen® and 
Joglekar and Marathe!®. An additional list, based on 
several years’ experience in the author’s laboratory, 
is given in Table 1. With some substances more than 
one dispersing agent is found to be satisfactory and the 
choice is then arbitrary. 

Apart from the choice of medium and dispersing 
agent the physical process of preparing a homogeneous 
suspension is most important. A technique found to be 
successful is as follows: the sample is placed on a 
watch-glass and a few drops of the dispersing agent 
added (if the agent is solid then a solution in the medium 
is used). The mixture is worked with a small camel-hair 
brush until a smooth paste of honey-like consistency 
is obtained which is then gradually diluted with the 
medium, the brushing continuing in the early stages. 
When a dispersion of the correct concentration has been 
obtained it is boiled under reduced pressure, to remove 
any possibility of air bubbles forming, and finally 
stirred vigorously with a rotating brush. The suspen- 
sion is examined with a low-powered horizontal micro- 
scope to find out whether dispersion is complete or 
whether agglomeration is occurring. 
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TABLE | 


Sedimentation Liquids and Dispersing Agents 


Powder Liquid Powder Liquid 
Aloxite 4 Magnesium Oxide 4 
Alumina 7 Manganese 
Barium Sulphate 4 Carbonate 4. 7 
Barium Titanate 8 Penicillin 3 
Calcium Phosphate 2 Pyrex Glass 4 
Carborundum 4 Pyrites 5 
Cement 7 Quartz 5 
Coal a Silica 4 
Copper 5 Soil 9 
Copper Oxychloride 4 Thorium Oxide 8 
Flour 6 Tungsten 5 
Graphite 8 Tungsten Carbide 5 
Iron Oxide 4 Zinc 4 

(non-magnetic) Zinc Oxide 4 
Limestone 7 
KEY 

1. Acetone 

2. Alcohol 


3. ‘‘Arlacel C’’ in iso-octane 

4. Calgon in distilled water 

5. Glycol in distilled water 

6. Paraffin oil 

7. “Span 20” in iso-octane 

8. “‘Teepol’’ in distilled water 

9. “Tween 20” in distilled water 


A further check on whether or not agglomeration is 
occurring during the course of sedimentation can be 
obtained by inspection of the values of the deposited 
weights. As long as the time is less than that required 
for the largest size of particle to fall the full height of the 
sedimentation column ‘he increase of deposited weight 
with time must be linear. Once this time has been 
reached the rate of increase of weight must fall. If, 
however, agglomeration occurs then the rate of deposi- 
tion increases as larger, faster falling, particles are being 
formed. The effect on the deposition curve is shown in 
Figure 4. 


Discussion 

A disadvantage of the two recording sedimentation 
balances is that their time scale is linear which makes 
the drawing of tangents to the deposition curve rather 
inaccurate. The major source of inaccuracy, however, is 
the situation of the balance pan in the suspension 
instead of clear liquid. The errors arising from the 
presence of the pan in the suspension have been dis- 
cussed by Coutts and Crowther™ and Gaudin et al. 

In comparing liquid sedimentation with other 
methods of sizing it must be remembered that in this 
method (in common with gas sedimentation and 
elutriation) the particle sizes are quoted as the “equi- 
valent Stokes diameter’’, i.e., the diameter of a sphere 
(of the same density) which would fall at the same speed. 

For the most satisfactory results the method used 
for sizing a dust should be related to the use to which 
the information is to be put. Hence sedimentation 
should be used for such applications as the removal of 
solids from gases and liquids (electro-precipitators, 
cyclones, hydrocyclones, clarifiers) and the cleaning of 
coal (dense medium baths, froth flotation). Sedimenta- 
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Fig. 4. 


Effect of agglomeration on the deposition curve 


tion is, however, perfectly satisfactory for other appli- 
cations provided it is understood that it is the equi- 
valent Stokes diameter that is being measured. 


Future Development 


The present trend in instrument design is toward 
automatic recording wherever possible and in keeping 
with this trend an automatic recorder for the Sedi- 
mentation Balance is under development. Briefly, the 
device makes a photographic record of the balance 
reading at the selected time intervals (approximate 
multiples of 1/2) so that once the test is started no 
further attention is required until the test is complete. 
This means that a number of balances could be used 
by one operative and, in fact, tests could be left on 
overnight. It is hoped that this recording attachment 
will be available commercially in the near future. 
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Sam ple—Silica 
Date—21.10.58 
Starting time—9-30 
Temperature (°C)—25 
Medium—Water 


Viscosity of medium (poise)—0-0089 
Density of medium (gm/ml)—1-0 
Dispersing agent—Calgon 

Height of suspension (cm)—24°8 
Density of sample (gm/ml)—2-65 


Appendix |. Typical Data Sheet for Particle Size Analysis 


Wt. of sample (gm)—0-5 
Balance sensitivity—2°5 
Balance No.—1 

Test No.—1 
Constant—495°5 
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Calculations 
Evaluation of Percentage by Weight Oversize 
In t d (microns) | % oversize | % undersize 
3-0 110-2 1-5 98-5 
3°5 85-9 2-0 98-0 
4-0 66:8 3-0 97-0 
4:5 52-0 8-0 92-0 
5-0 40-6 17-0 83-0 
4 5°5 31-5 26-0 74-0 4 
6-0 24:5 36-0 64.0 
6:5 19-1 47°5 52°5 
7:0 14-9 56-5 43°5 
75 11-6 65-5 34°5 
3 8-0 9-0 72:5 27°5 7 
8-5 7:0 78-0 22-0 
9-0 5:5 82-5 17-5 
9-5 4-2 86-5 13-5 
10-0 3-3 90-0 10-0 
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In t is obtained from t which is calculated by inserting 
the appropriate values of d in the formula 


t ae age 
5-45(a—p)d? 

t = time in seconds for particle to fall full height 
of suspension 

h = height of suspension, cm 

d = particle diameter, microns 

1) = viscosity of medium, poise 

p = density of medium, gm/ml 

o = density of sample, gm/ml 
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NOTES 
(a) Settling tests: 83-6% sediments after 64 mins. 
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Fig. 5. Standard data sheet graph 












































Results 
Size % by wt. Mean 
(microns) undersize undersize 

70 97°5 ae 
60 95-0 eye ati 
50 90-0 Psi 

40 83-0 Pie hi 
30 71-5 F i 
25 64-0 i 
20 55:5 F 

15 43:5 | 
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Automation in 


One of the largest suppliers of road stone in the 
Midlands has ordered automatic equipment which will 
control the operation of a mixing plant now under 
construction. By introducing automatic working into 
the plant, it will be possible to maintain a much greater 
degree of accuracy in the mixing and quality of road- 
surfacing materials than has been possible by con- 
ventional methods. 

The control system of this installation depends 
essentially upon the electrical weighing of the ingre- 
dients. Control by weight is a basic requirement in 
many industrial processes, but only in recent years has 
it been possible to use the electrical method. The 
absence of moving parts in an electrical weighing 
system reduces maintenance and, since there are no 
knife-edges to deteriorate with use, the original 
accuracy of electrical weighing is maintained over long 
periods. 

The basic measuring element of an electrical weighing 
system is the load cell. In simplified terms, the load 
cell is a billet of steel which is deformed proportionately 
to the weight of a load applied to its upper surface. 
This deformation is measured by strain gauges pro- 
ducing a current directly proportional to the applied 
load. By using amplifiers the small current obtained 
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from the load cell can be made to operate robust 
recorders, indicators and controllers. It is this ability 
to use the weight to control the process which has 
made possible the automatic control of the Road 
Stone Plant. The installation has been designed to 
weigh out materials to the required formulae and to 
pass the aggregate to the mixing lines for final check- 
weighing before heating and mixing with the other 
ingredients. 

A large console in the control room enables the plant 
operator to see at a glance the amount of each ingredient 
to be used for a selected mix. Signal alarms on the 
central panel inform the operator that the correct 
sequence of operation of the mixer, heater and of the 
check-weigh hopper doors is taking place. A master 
time controller governs the mixing time and correlates 
heater and boiler timing with quantity measurement 
of the flux, oil and bitumastic compounds. All the 
operations are so controlled by an interlock system that 
absolute consistency in the product is achieved and the 
safety of the plant ensured. 

The control engineering is being carried out by 
Elliott Bros. (London) Ltd., who state that many such 
weight control systems are now in use in widely 
differing industries in many parts of the world. 
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Thermistors— 


Examples 
of commercially 
available thermistors 


Typical 
thermistor resistance 
charac- 


A Survey 


of their Applica 


HERMISTORS have now been available com- 

mercially to industry since the end of World 
War II, and the impetus given to their development 
during hostilities enabled manufacturers to offer a 
wide range of designs for use in diverse applications. 

The name “Thermistor’’ was coined from a contrac- 
tion of the words thermal resistor and, as its name 
implies, the device is a resistive circuit element in 
which the resistance varies purely as a function of 
temperature. Thermistor material consists of a mixture 
of metallic oxides which, when sintered at elevated 
temperatures, forms a’semiconductor having a negative 
temperature coefficient of resistance of about —4%/°C 
at 20°C or approximately ten times that of copper. 

It is possible to produce this material in beads, discs, 
rods and washers. The choice of type will depend on a 
number of conditions, often conflicting, imposed by the 
intended application. Examples of the types com- 
mercially available are illustrated in Fig. 1. 

Thermistors are produced by intimately mixing and 
grinding the basic materials in a ball mill, or similar 
device, to a homogeneous fine powder. This powder 
is then bound by a suitable organic binder and, after 
being shaped to the required form and dried, sintered 
by firing. The unit is then aged to achieve electrical 
stability. The ageing process is lengthy and precise, 
particularly for those types which are designed for 
thermal measurement applications. 

The specific resistance of the material depends 
mainly on the proportions of the ingredients. It is 
usual to maintain a careful control of the materials by 
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By P. A. ATKINS and R. A. SETTERINGTON, B.Sc.* 


chemical analysis of the mixtures. Minor variations in 
the resistivities of the’ final product are corrected by 
slight variations in the firing temperature which, for 
thermistor materials, is in general between 1,000°C and 
1,350°C, although the permissible range for any one 
material may be as little as 10°C. The nature of the 
atmosphere around the thermistor elements during the 
sintering process varies with the starting materials and 
it may also be necessary to control the rates at which 
the bodies are heated and cooled, as well as the maxi- 
mum temperature. 

The characteristics of thermistors have been fully 
described in literature elsewhere@:2;%), and it will 
suffice, therefore, to refer to them only briefly here. 


Resistance/Temperature Characteristic 

The resistance of a thermistor decreases with in- 
creasing temperature according to the expression 
R=ae/T where a and b are constants and T is the 
absolute temperature. It is sometimes more convenient 
to express this in terms of “‘half temperature’, i.e., the 
temperature change in degrees centigrade which will 
halve or double the resistance. It should be noted, 
however, that to identify exactly the value of the half 
temperature, the temperature at which it is measured 
should be stated. A typical thermistor may have a half 
temperature of 18°C at 20°C, but at 200°C the half 
temperature would be about 45°C. 

It is this decrease in slope which sets a useful upper 


* Standard Telephones and Cables Ltd. 
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Fig. 3. Typical thermistor voltage/current 
static characteristics 


Measurement and Control 


operating temperature limit of 300°C for the more con- 
ventional thermistor mixes. The family of curves in 
Fig. 2 illustrate this characteristic. A recently developed 
type is, however, capable of operation over the tempera- 
ture range of 300 to 1,000°C. 


Dissipation Constant 

This is defined as the power required for a unit rise 
in temperature and is of extreme importance in many 
thermistor problems, particularly where thermistors 
are used to sense small temperature changes. 

The value of the dissipation constant is dependent 
on the mounting and its surrounding atmosphere. 
Typical values quoted by manufacturers range from 
0-01 mW/°C for a small bead in vacuum up to 100 mW 
°C for a block mounted on an infinite heat sink. 


Voltage/Current Characteristic 

A typical voltage/current static characteristic is 
shown in Fig. 3. It can be seen that as the current 
through the thermistor is increased, the voltage rises 
steeply at first, until a maximum value E,,,, is reached, 
after which there is a drop in voltage with further 
increase in current. The sharpness of the peak so ob- 
tained is dependent on ambient temperature and tends 
to become very pronounced at low temperatures. 


Thermal Time Constant 


The time taken for the excess temperature of the 
thermistor to drop on cooling to e-! of its initial value 
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is the thermal time constant t and to calculate the 
value of t, the values of mass, specific heat and dissipa- 
tion constant must be known. The relative density of 
thermistor material is about 4-5 and its specific heat 
approximately 0-7 joules per gram per °C. The thermal 
time constant Tt is given by: 


= density in gram/cm* 
h = specific heat in joules/g/°C 
v = volume in cubic cm 
k = dissipation constant in 

watts/°C 

Values of t and k given by Bjork and Davidson"), for 
examples of bead, rod and disc thermistors are given 
in Table 1. 


pvh 
— h » 
T=" where 





TABLE | 


Ther- | Construction} B°K | k(W/°K) Secs 
mistor x 10-3 


0-325 0-7—0'8 


Ald Bead in gas- | 3620 
filled bulb 





CZ1 Rod 2840 13 90—105 
K13 Disc 2630 | 8-0 125—150 























The Application of Thermistor Elements to 
Temperature Measurement Control and 
Compensation 

The use of thermistors as circuit elements is not con- 
fined to any specific industry and they may be found 
playing an important part in almost every field of 
present day technology. There are two principle 
methods of employing thermistors: in one the resistance 
of the thermistor varies as a result of a temperature 
change in its surroundings; in the other, the resistance 
change is produced by a change of power dissipation 
within the element itself. It is usual to design thermis- 
tors specifically for one or other of these alternative 
methods of operation. Probably the most common 
application is the detection of temperature changes 
and the compensation of effects arising from such 
changes. _This application is widely used in process 
control and instrumentation and consequently many 
different designs of thermistors have been produced to 
satisfy this demand. 

The choice of thermistors for any given application 
depends on a number of factors such as response time, 
physical size, operating temperature range. The res- 
ponse time is closely related to the method of mounting 
and the mass of the thermistor and in general where a 
rapid response is required the use of a bead type 
thermistor is essential. If it is only required to sense 
comparatively slow temperature changes then block 
or disc types are suitable. The latter have some 
advantage over bead types in that they possess 
relatively high dissipation constants thus enabling 
higher currents to be used for control purposes without 
introducing unacceptable errors due to self-heating. 

The use of thermistors for temperature measurement 
offers a number of advantages over other types of 
temperature detectors. These advantages include small 
size, an ability to withstand electrical and mechanical 
stresses, and a wide operating temperature range. 
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Fig. 4. Diagram of gas flow 


The main disadvantages of a thermistor are (a) it has 
a non-linear resistance/temperature characteristic and 
(b) it needs ancillary apparatus to obtain a temperature 
reading. It is possible to minimise the effects of (a) 
by using resistors in series and parallel with the thermis- 
tor(5 6 7, 8) and such shaping circuits can be adjusted 
to give a linear calibration over a temperature range of 
some 50 degrees Centrigrade or more. It is also possible 
to use shaping networks to approximate any desired 
curve which may be required for compensation purposes. 

The accuracy to which temperatures may be 
measured is dependent on the measuring circuit used, 
and for measurement to an accuracy of say +2°C a 
simple series arrangement, in which the thermistor is 
connected in series with a meter and potential source, 
is very effective, particularly where remote indication 
may be required. A preferred method, however, is the 
incorporation of the thermistor in a Wheatstone bridge 
and in the vast majority of temperature measuring 
applications this method in one form or another is 
employed. 

An interesting example of the use of thermistors for 
temperature measurement is in the determination of 
oxygen content in factory hydrogen. Instruments 
have been constructed in which the percentage content 
of oxygen is presented on a direct reading meter. 
Operation depends on the fact that heat is evolved 
when oxygen and hydrogen combine in the presence of 
a cold catalyst and thermistors are used to measure the 
resultant temperature change; the method is illustrated 
by Fig. 4. The hydrogen to be tested is passed through 
two U-tubes, a flowmeter, and a unit containing the 
catalyst and two type F thermistors T, and T,, to the 
outlet tube where it fs burned. 

The first U-tube contains activated carbon in order 
to remove some of the impurities such as oil which 
are present in the hydrogen and which might poison 
the catalyst. The second U-tube contains activated 
alumina, which dries the gas to ensure that its specific 
heat is constant. The flow meter is of the vane type, 
calibrated at one point only, at which point the flow of 
gas is set. After the hydrogen has been metered, it 
passes through the unit shown in Fig. 4, which consists 
of an internally silvered vacuum jacket (E) which 
contains 4 grammes of a palladium catalyst and two 
thermistors T, and T, inserted in rubber bungs at 
either end. The tips of the thermistors nearly touch 
the catalyst, so that one is at the temperature of the 
inlet gas and the other at the outlet temperature. As 
the gas passes over the catalyst, any oxygen present 
combines exothermically with some of the hydrogen and 
causes a rise in temperature of the outlet gas. The 
thermistors T, and T, are connected in a Wheatstone 
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Circuit diagram of oxygen meter 


bridge circuit (Fig. 5) so that a rise in temperature of 
T, gives a reading on the balance meter, while if both 
change temperature together there is no deflection of 
the meter. The bridge is completed by two 500 ohms 
resistors R, and R, and a 100 ohms potentiometer. A 
second potentiometer is used as a sensitivity control anda 
560 ohms 100 f.s.d. microammeter is used es an indicator. 

The instrument is calibrated by using oxygen-free 
hydrogen and adding a known flow of oxygen from an 
electrolytic cell. The rate of flow of hydrogen is 
measured with a ;); cu. ft. gas meter, and the flow of 
oxygen is calculated from the current in the cell. This 
instrument gives, on a linear scale, a meter reading 
proportional to the oxygen content of the hydrogen. 
The meter is calibrated to give a full-scale deflection 
of 0-2°%, oxygen content. 

The use of thermistors as electrical thermometers 
ranges from the measurement of soil(®) water@) and 
air (11,12) temperatures through the measurement of 
bearing temperature in large machines to the inclusion 
of a thermistor inside a hypodermic needle to measure 
blood temperature. Thermistors have played an 
important part in the field of medicine where their 
ruggedness and fast resporise have provided solutions 
to many problems. In some surgical operations small 


Fig. 6. Thermistor thermometer—temperature range 
90-120°F 
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bead type thermistors are introduced into suitable 
body cavities to give an accurate indication of blood 
temperature. 

Bridge circuits are usually used, similar to that 
shown in Fig. 6, which is designed to operate over the 
temperature range of 90° to 120°F. Such a bridge 
used with a light-beam galvanometer is extremely 
sensitive, giving a full-scale deflection from the heat 
of the hand when held within six inches of the thermistor. 


Temperature Control 


Most temperature control applications differ from 
temperature measurement applications only in the way 
in which the signal from the thermistor is handled. In 
control applications the error signal from a thermistor 
may be used to operate a sensitive on-off relay, or to 
control the conduction period of a thyratron (3), hard 
valve or transistor proportional control system. 

By simple analogue computer techniques the rate of 

change of temperature as well as the absolute error may 
be taken into account, and fluctuations about the mean 
value reduced. This technique is employed in the 
temperature control of pressure die - casting 
machinery"). A thermistor is introduced into a care- 
fully chosen position to within } in. of the die cavity. 
It is spring-loaded to maintain contact between the 
thermistor disc and the die block. The thermistor is 
connected to an instrument which indicates the die 
temperature and operates an electrical interlock which 
prevents the operational sequence from beginning until 
the die temperature is correct. Since the introduction 
of the thermistor controller considerable wastage has 
been eliminated and the machine may be started up 
without cooling water, thus enabling optimum operating 
conditions to be reached in a shcrt time from cold. 
. Some temperature control systems and also tempera- 
ture alarm systems can be based on the voltage/current 
characteristics of thermistors shown in Fig. 3. 
Reference to these curves shows that E,,,, decreases 
with temperature; if a constant voltage is applied to a 
thermistor there will be a sudden increase in current 
sufficient to operate a relay at a critical temperature. 

A thermistor temperature controller has been pro- 
duced on these lines, in which the main components 
are simply a cold-cathode gas tube, an electromagnetic 
relay, a capacitor and small bead thermistor. The 
circuit of the controller is shown in Fig. 7. The thermis- 
tor (200,000 ohms at 20°C) is arranged as part of the 


Fig. 7. Schematic of temperature control unit 
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Fig. 8. Temperature control circuit 


tube trigger potential divider. The cold-cathode tube 
has a trigger striking voltage of approximately 50 volts 
and the potential divider is so arranged that when the 
circuit is set up, the potential of the cold-cathode 
tube trigger varies with temperature about the striking 
voltage. As the temperature of the thermistor decreases 
below the required value, its resistance increases, 
thereby increasing the voltage on the trigger and the 
tube fires, so operating the relay via which power is fed 
to the heating element. Similarly, when the thermistor 
temperature is higher than the critical value, the 
trigger voltage is less than the striking voltage and the 
heater remains off. This type of controller, which is 
simple and inexpensive, provides control at tempera- 
tures up to about 80°C with a maximum excursion 
about the mean value of +4°C under the effect of 
mains voltage variation of 23%. 

For closer temperature control it is usually advisable 
to resort to a bridge circuit and there are many 
industrial processes where relatively simple and rugged 
thermistor controllers may be used. 

The circuit shown in Fig. 8 utilises a thermistor 
connected in a bridge circuit, and arranged to operate 
a relay via a thyratron. The circuit is designed for 
operation over the range 25-100°C, although other 
ranges are possible. The 25 k ohm variable resistance 
is fitted with a calibrated dial and adjusts the negative 
bias applied to the voltage divider; it thus determines 
the temperature at which the thyratron will fire. A 
temperature differential of about 1°C is required for 
reliable operation. 

It is possible to use a thermistor bridge in proportional 
control systems, and a sensitive electronic thermostat 
has been described“) in which the output from the 
bridge network, after amplification, provides grid 
potential amplitude control of the current in a gas- 
filled triode, the anode circuit of which contains the 
heating element. 

This unit can be readily adjusted to provide tempera- 
ture control to within 0-025°C at temperatures up to 
120°C. 

Other types of very sensitive temperature con- 
trollers have been produced by using the basic tempera- 
ture measuring arrangement shown in Fig. 6. Instead 
of using the light beam of the galvanometer for 
balancing the bridge it is projected on to a metal screen 
in which there is a hole with a photocell behind it. 
When an error signal is received from the thermistor, 
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the bridge goes out of balance and deflects the light 
spot over the hole, thus exciting the photocell which is 
arranged to operate a relay. 


Temperature Compensation 


By virtue of the fact that most thermistors possess a 
negative temperature coefficient of resistance, they are 
used extensively to compensate for effects arising from 
variations in ambient temperature, in components 
having positive temperature coefficients. Compensa- 
tion may sometimes be effected by the direct connection 
of a thermistor in series with the component concerned, 
but since the temperature law of a thermistor only very 
rarely follows that of the device to be compensated, it 
is usually necessary to resort to the use of shaping 
networks. 

Thermistors are now being used for compensation pur- 
poses in, for example, electric salinometers. These 
instruments, which measure the purity of high pressure 
boiler feed water are required to measure, with high 
accuracy, impurities as low as one part in seven million 
over a temperature range of 60° to 200°F. Their 
principle of operation is based on the fact that water 
has a varying electrical conductivity depending on the 
amount of impurity present. The conductivity, 
however, varies also with temperature and this second 
effect must be nullified if the instrument is to operate 
automatically. This is achieved by connecting a suit- 
able thermistor in series with the electrode cell thus 
enabling the output signal to respond only to variations 
in water impurity. 


Conclusions 

It has been shown that thermistors are extremely 
useful devices in their application to thermal measure- 
ments. Research and development is continuing to 
improve their performance and widen their operating 
temperature range. Moreover, thermal measurement 
by no means represents the limit of their capabilities 
and they have proved able to compete on equal terms 
in many fields with other components which are more 
specialised in their application. 
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Standardising Fuel Flow Rates 


The National Bureau of Standards has been conducting a fuel flow rate 
standardisation programme including a study of flowmeter calibration tech- 
niques in the range 20 to 100,000 lb/hr. Static calibration apparatus has been 
built to evaluate the absolute accuracy of other calibrators. Comparative 
tests on different flowmeter calibrators showed agreement usually within 


+0-15 per cent. 


O provide an accurate basis for the measurement 

of fuel flow rates in aircraft fuel systems, the 
National Bureau of Standards has been conducting 
a liquid-flow rate standardisation programme which has 
included both a study of current calibration tech- 
niques) and the operation of calibration apparatus to 
serve as a reference for the aviation industry. 

Precise instrumentation and test techniques are 
essential in the test and adjustment, of the newer air- 
craft engines. Millions of dollars are spent each year 
testing these engines and their fuel metering accessories. 
As flowmeters are used extensively in such work, it has 
become desirable to provide reference facilities by 
which the accuracy of flowmeter calibrators at other 
locations can be verified. To provide this reference, 
the Bureau operates calibration apparatus accurate to 
0-2 per cent or better for liquid hydrocarbon flow rates 
in the range 20 to 100,000 lb/hr. 

The Bureau is also interested in obtaining suitable 
flowmeters for use as transfer references for the 
accuracy evaluation of flowmeter calibrators at other 
locations. Such reference meters should have a repeat- 
ability of +0-1 per cent or better and all factors 
which may influence their performance should be 
known and controlled. 

Among the many different flowmeters available, the 
glass-tube, variable-area type is fairly adequate for 
reference work in the range 20 to 20,000 Ib/hr. The 
turbine or propeller-type meters are reasonably satis- 
factory for the range 2,000 to 100,000 Ib/hr and up. 
Extremely precise results can be obtained on these 
meters only with low-viscosity liquids. In applications 
Involving high-viscosity liquids, such as lubricating 
and hydraulic oils, positive displacement and orifice 
meters give better results for reference work. 
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The turbine meter is used extensively in aircraft 
work. This meter consists of a tubular section of pipe, 
threaded at each end, for convenient insertion into the 
fuel line at any desired location. Inside this section is a 
small, many-vaned rotor having a velocity of rotation 
proportional to the volume flow rate. The rate of 
‘rotation is sensed by a magnetic coil, imbedded in the 
wall, which generates electrical pulses having a fre- 
quency directly proportional to the rotor velocity. 
These pulse signals are converted to either flow rate or 
total flow by appropriate readout instrumentation. 


Calibrators Compared 

The Bureau constructed a static flowmeter calibrator 
to determine whether significant absolute errors 
existed in other calibration techniques. This apparatus, 
accurate to within +0-15 per cent, was used to evaluate 
the accuracy of dynamic calibrators, which have the 
advantage of speed and convenience of operation. 

The comparative tests between the Bureau’s static 
apparatus and three different types of dynamic calibra- 
tors showed that agreement within +0-15 per cent 
could generally be obtained between different methods 
of flowmeter calibration. One of the dynamic calibra- 
tors is now in use at the Bureau. It was carefully 
compared with the static apparatus, and good agree- 
ment was found several times over a period of two years. 

The Bureau no longer uses the static apparatus for 
calibration work with liquid hydrocarbons because of 
space and operating time limitations. However, the 
dynamic calibrator now in use is known to be accurate 
to within +0-2 per cent for the range 20 to 100,000 Ib/hr. 
Static calibration apparatus is still maintained at the 
Bureau’s hydraulics laboratory, where precise deter- 
minations can be made using water as the test fluid. 
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Flowmeter calibration apparatus showing scale for 
measuring collected fuel, electronic timer (on panel 
above scale), and electronic counter 


Work on the different calibration procedures provided 
useful data concerning techniques required for precision 
calibration of flowmeters. This information will be 
outlined briefly, beginning with a description of the 
operation of the static calibrator and followed by other 
factors which should be considered when working to 
high accuracies. 


Operation of the Static Calibrator 

The Bureau’s static calibration apparatus measured 
flow rate by determining the weight of liquid collected 
in a weigh tank during a measured time interval. The 
flowmeter to be calibrated discharged through a flow- 
control throttling valve into a diverter which directed 
the liquid either to return-to-storage or to the weigh 
tank. The diverter actuated an electronic timer at the 
midpoint of its travel, thus automatically determining 
the time interval the liquid was diverted to and 
collected in the weigh tank. 

The weight determinations were performed under the 
static condition of no flow into the weigh tank, which 
was mounted on a 5,000 lb capacity platform scale of a 
self-contained lever type equipped with suspension 
main-load bearings. The scale was modified to give 
readings to 0-05 lb and was calibrated with 50 Ib test 
weights known to be accurate to +40 grains. The 
sensitivity, precision of calibration, and constancy of 
the scale as determined by tests were such that mini- 
mum net weights of 400 lb could be measured to an 
absolute accuracy better than 0-05 per cent. 

The electronic timer indicated in units of 0-001 
second and was calibrated against the standard time 
signal broadcast by the Bureau’s radio station, accurate 
to one part in 100 million. 
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Factors to be Considered 

Flowmeter performance is affected by the density, 
viscosity, and temperature of the liquid; flow disturb- 
ances ; and vapour pressure with its resultant cavitation 
and loss of liquid by evaporation. All of these must be 
considered in precise calibration work. The effects of 
density can usually be determined by mathematical 
analysis. Viscosity effects can be established only 
through calibration tests and these are especially 
pronounced in the smaller size meters. Temperature 
exerts its influence through its effect upon the configura- 
tion of the meter and upon the physical properties of 
the liquid. 

Upstream flow disturbances originating within the 
pumps and supply piping may sometimes affect flow- 
meter performance by as much as one per cent or more. 
Some success has been obtained using flow straighteners 
containing bundles of small tubing placed in a larger 
tube connected to the entrance of the meter under 
test. Although these flow disturbances are not usually 
significant in conventional applications, they must be 
considered in reference meter work where repeatability 
of about 0-1 per cent is required. 

Vapour pressure of the liquid is an important con- 
sideration because of the possibility of cavitation or 
vapour formation within the meter under test and loss 
by evaporation of the liquid from the weigh tank. 
Meter cavitation is eliminated by maintaining the fuel 
within the meter at a sufficiently high pressure level. 
Loss from the weigh tank by evaporation is a definite 
problem when working with high vapour pressure 
liquids, such as gasoline. The ideal solution appears to 
be a pressurised weigh system, but it would introduce 
many additional complications. 

The Bureau is continuing its study of flow rate 
measuring techniques in an attempt to find flowmeters 
more suitable for use as transfer references. Also 
included in this programme will be the continued evalua- 
tion of newly developed flowmeters for telemetering, 
computer, and automatic recording and control appli- 
cations. 

Reference 

(1) SHAFER, M. R. and Rugeae, F. W. Liquid-flowmeter cali- 
bration techniques. Trans. A.S.M.E., Oct., 1958, Paper 
No. 57-A-70. 





The Effect of Technological Progress 
in Education 
A New Classified Bibliography 

This bibliography, recently published by The Insti- 
tution of Production Engineers, has been compiled from 
British sources 1945/57, and is available from the 
Publications Department of The Institution, at 10 
Chesterfield Street, London, W.1, price 14s. 6d. per 
copy, or 15s. 6d. by post. 

The bibliography is not comprehensive, but is in- 
tended to be a guide to the development of technical 
education during the period covered. Independently 
of its use as a bibliography, it should serve as a summary 
of opinion on the subject. So far as the Institution is 
aware, this is the only bibliography of its kind issued 
to date. It has been prepared by the Institution’s 
Hazleton Memorial Library. 
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By H. KEMHADJIAN, B.Sc.(Eng.) 


Semiconductor Measurement and Applications Laboratory, 
Mullard Ltd. 


A brief outline is given of the factors 
governing the design of various transistor 
amplifiers. The emphasis is on the use of 
a single basic equivalent circuit which is 
simplified appropriately in each particular 
case. 


A Summary of 


Transistor Amplifier Fundamentals 


1. Equivalent Circuit 

EFORE one can start designing any amplifier it is 

necessary to have a knowledge of the characteris- 
tics of the active device being used. For a circuit 
engineer the properties are best summarised by an 
equivalent circuit. However, equivalent circuits 
generally become excessively complicated if an attempt 
is made to represent a device under all possible condi- 
tions of use—this applies especially to transistor 
equivalent circuits. This article considers how the basic 
complete transistor equivalent circuit may be simplified 
in particular cases of linear amplifiers. 

The complete small-signal equivalent circuit is 
shown in Fig. 1. This is the hybrid teircuit. The circuit 
uses lumped constants to represent a distributed 
transmission-line characteristic, and the accuracy of 
representation falls off therefore at frequencies 
approaching or greater than f,. The frequency f, of a 
transistor is defined as the frequency at which the 
modulus of the short circuit current gain a’ of the 
transistor, connected in grounded emitter, falls to 1, 
Cea’ |. =2 at £.. 

The equivalent circuit is given for the transistor 
operated in ‘common-emitter’ since the majority of 
present-day circuits use the transistor this way. 











Abe ¥ Pe be rs 
eee a eo a 
Cte(Ce) : 
ea i 
a + i. 





Fig. 1. Hybrid w equivalent circuit 
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The elements given by Fig. 1 are independent of 
frequency, but some of them are dependent on operat- 
ing conditions and absolute temperature. Since normal 
ambient temperature variations are usually small with 
respect to the absolute temperature, the important 
variations are those connected with operating condi- 


‘tions. These effects may be summarised by: 


Te & r a 25 (at room temperature where 
| I. I.isinmA) 
Coal. 
Co po (where V, is the collector to base 


V/V. voltage) 
Tpe and C. determine the cut-off frequency f, of 
the transistor. 


Definitions of terms used: 


U The feedback factor gives the fraction of out- 
put voltage which appears at the input 

Tbp’ The resistance between the base lead and the 
active base region of the transistor 

Gore The input capacitance of the transistor con- 
nected in grounded emitter 

t. Emitter resistance 

Ao Low frequency value of current gain of a tran- 


sistor in grounded base connection; it is the 
fraction of emitter current which flows in the 
collector 

Tb’c The feedback resistance in grounded emitter 
connection as shown in Fig. 1 

Lic The feedback capacitance 


i The output resistance of a transistor in 
grounded emitter connection 
£m Mutual conductance of the transistor as 


defined in Fig. 1 
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The values of the various elements may be calculated 
quite readily now from a knowledge of the above 
expressions; Tpp’, Go, Ce, Cc, B being given in published 
data. 

A few values will serve to give an idea of relative 
magnitudes for typical transistors. 











Audio | Audio | High 

frequency frequency | frequency 

Quantity transistor transistor | transistor 

OC71 at | OC7lat OC44 at 

1 mA Ic 3mA Ie 1 mA Ic 

pp’ | 3002 | 3002 1102 

1 i ee ; roo 

C. ( ) | O-O1 uF 0-03 uF 410 pF 

Tye @ | L lad } 





1:04 kQ 


To 
rw ( ;) | 25kQ 
1—a@ 


0:39 kQ 
(waa) 
Tp’¢ 
u(1—d) 


Ce (at 6 volts) 





| 
| 051MQ | 25 MQ 
10-0 pF 


1-36 MQ 





40pF | 40pF 











Ao | | 
&m a | 39 mA/V | 117 mA/V | 39 mA/V 
= _— 
2 
re( =) 33kQ | 11kQ 25 kQ 
A. | 0-976 | 0-979 0-990 





| - -| — — _ ~. GUE 
17-6 x 10-4] 7-6 x 10-4] 10 x 10-4 


u(at 2 volts) 


25 
ro(=) 23Q | 830 25 Q 





.* | 500 kc/s | 500 kce/s 14 Mc/s 


| 
| 











ecaaitndin aiid papaetnleedenaiel ‘ 
rat 
ie 3 alien 
Sn Sn S | 
; Or 2 be 3 ce! 2h Sr 
' > 2 a 
‘ 4 4 
Games —o 
' ' 
be www ww we we ow wn ee we ee ee eee J 
(>) 
Fig. 3. Small signal a.f. amplifier 












































NOTES * Cy-e~C, for transistors with f,<16 Mc/s. 
1 , 
°S i= ; 9 fa for alloy junction transistors. 

2. D.C. Biasing 

Having defined the transistor a.c. characteristics, one 
further point must be considered before passing on to 
the design of practical amplifiers—d.c. bias. 
Che preferred method of bias is shown in Fig. 2. 


The principle of the method is to make the voltage 
drop across R, large compared to the voltage Vie across 
the base-emitter junction. The potential divider 
chain R,, R, provides a fixed voltage V, so that the 
emitter current becomes very nearly V}/Re. The imped- 
ance of R, and R, in parallel should be as small as 
possible consistent with the condition that they should 
not shunt the input appreciably. The capacitor C is an 
a.c. by-pass. 

Since the biasing network is common to all types of 
amplifier being discussed, it will be left out when 
considering a.c. performance to avoid confusion. 


3. Small Signal Audio Frequency Amplification 
This is perhaps the simplest type of amplifier and the 
principles of RC coupled amplifiers in particular are 
well established. We need only consider therefore how 
to apply these principles to circuits using transistors. 

Fig. 3(a) shows a simple RC coupled stage with 
biasing arrangements omitted. The equivalent circuit 
is given in Fig. 3(b); the internal feed-back com- 
ponents may generally be omitted as shown. 

It will be seen at once that for a maximum current 
transfer into the load R,, R must be made much larger 
than R,. 

The low-frequency fall-off in gain will be governed by 
the time constant CR,. 

The high-frequency fall-off in gain will be determined 
mainly by the time constant Cerpe, and is therefore a 
function of transistor parameters. The effect of rp». on 
frequency response will depend on the value of source 
resistance which the transistor sees and will have most 
effect with a zero resistance source. 

The mid-band voltage gain of the stage is given by: 

Vo Tb’e R’Ri 
Vin Tpb’ > Thre R’ 4 Ry. 
(R’ is the parallel combination of ree and R). 

Similar expressions can be derived for current and 

power gains. 


Sm 














2p 


AAAAAAR 






SVVVYY 


Fig. 2. 





Preferred method 





of biasing 














Fig. 4. 
Large 
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All fixed res:stors JAW S% except where shown enerwise R de , 
*OC 72 mounted on heat sink minimum orea 2 $q.1n A 
(2759) For other heot sinks See text. hicnastapempesineneteneniness yao 
Fig. 5. 15 W power amplifier system 


4. Power Amplifiers 


Power amplifiers are usually transformer coupled at 
both input and output to give maximum power gain. 
The expressions for efficiency and power gain in Class A 
or Class B operation are well known and may be 
applied to transistor stages in straightforward fashion. 

The equivalent circuit used for calculations is still 
of the same form as shown in Fig. 3(b) but the values 
inserted should now be the large signal averaged 
values of the parameters which are best obtained from 
published characteristic curves of the devices. For 
example, Fig. 4 illustrates the chord taken to give a 
value of Rj). 

For power transistors operating at high currents the 
output current tends to be more linear with input 
voltage than with input current. This will not hold true 
at very low currents and for this reason pure Class B 
operation is avoided in linear push-pull amplifiers. 

Fig. 5 shows a 15 W power amplifier system with the 
output transistors matched directly into the speaker. 
A choke is used to provide h.t. to the output stages. 


5. Output Power 


The maximum output power from a stage will be 
agiven fraction of the maximum permissible dissipation 
in the transistor. This in turn depends on the maximum 
ambient temperature at which the amplifier will be 
required to operate and is calculated as follows: 

A figure of thermal resistance, denoted by 9, is 
published for every transistor. With power transistors 
the heat sink 6-value is added to the transistor 6; this 
gives the rise in temperature of the transistor above the 
ambient temperature for a given power dissipation in 
the transistor. A typical value for the OC22 power 
transistor mounted on a6 x 6 in. 16 s.w.g. aluminium 
heat sink is 7-5°C/W. 

Now the transistor maximum junction temperature 
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is limited to about 85°C for germanium transistors and 
150°C for silicon transistors so that for a maximum 
ambient air temperature of 45°C say, the maximum 
permissible power dissipated in the germanium transis- 
tor is given by: 
85°C —45°C 
7-5°C/W 
The maximum available output power from a push- 
pull Class A stage would then also be 5-4 W for an ideal 
efficiency of 50%. 


= 5-4W 


me = 


6. High Frequency Amplification 

For high frequency amplification we have to take 
into account the internal feedback of the transistor 
since this becomes more pronounced as frequency 
increases. In transformer coupled r.f. and i.f. stages in 
particular, internal feedback might cause oscillation or 
loss of gain and such amplifiers are therefore neutralised. 
This is done by providing an antiphase feedback 
voltage through a phase reversing transformer as 
shown in Fig. 6. 

Once the transistor is neutralised it may be treated 
as an amplifying “black box” with the output terminals 


' output 


— 


n 











Fig. 6. 


Neutralised 





h.f. amplifier 
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Fig. 7. 


Un-neutralised gain of 


Re - 
Rs 
| AY. 





a transistor 


isolated from the input. For convenience neutralising 
is effected by means of a series combination C,, Rp. 

Fig. 7 shows in diagrammatic form the variation of 
the un-neutralised gain of a transistor amplifier with 
frequency. Beyond the frequency fy the internal 
transistor phase-shift is such as to produce negative 
feedback and therefore the gain falls. 

Over the range f, to fy neutralisation is essential as 
the stage would oscillate otherwise; this range of fre- 
quencies for the OC45 transistor includes the standard 
i.f. frequency of 470 kc/s. However, new drift transistors 
now being used are capable of amplifying normal a.m. 
broadcast signals in the range up to f, and f.m. signals 
in the range beyond fy. 

An a.m./f.m. receiver designed along these lines is 
shown in Fig. 8. Neutralisation has been completely 
dispensed with. 

Wide-band RC coupled stages (Fig. 9) are also 
possible with transistors using load resistances of about 
500 Q for optimum performance. The gain bandwidth 
product of a stage may be improved by adding an 
external emitter resistor shunted by a small value 
“peaking” capacitor. For cascaded stages Rs=Ri~ 
500 Q. 


7. D.C. Amplifiers 
The design of d.c. amplifiers follows closely that of 
a.f. amovlifiers dealt with in Sections 3 and 4. 


Fig. 9. RC coupled wide-band stage 





Fig. 10. Grounded emitter 
d.c. stage 


In addition direct coupled amplifiers suffer from the 
problem of ‘‘drift”” or change in zero setting. With 
transistor d.c. amplifiers drift is caused mainly by 
temperature effects. 

Considering a grounded emitter stage as shown in 
Fig. 10 the causes of drift are illustrated in the form of 
a current generator of value AI.. and a voltage 
generator A Vote. 

I.o rises exponentially with increase in temperature 
but is very much lower for silicon than for germanium 
transistors. 

Vie, the voltage between base and emitter, for a 
constant emitter current, falls linearly by 2 mV for 
every °C rise in temperature. The equivalent drift 
referred to the input of a stage may therefore be 
written as 
AVobe 

Alaritt —_ Alico 
Rs 
where R, is the source resistance. 

For high source resistances therefore I. will be the 
dominant term and with silicon transistors this 
quantity is of the order of 0-1 wA/°C. 

For low resistance sources a balanced amplifier may 
be used (Fig. 11). This has a typical equivalent input 
drift of 100 pV/°C without matching transistors. 





Fig. 8. AM/FM receiver 
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For very sensitive applications the transistor may be 
used as a switch or ‘“‘chopper’’. Fig. 12 shows a shunt 
operated chopper where the transistor is being driven 
alternately between its low resistance state (bottomed) 
and its high impedance state (cut-off). 





Fig. 12. 


Transistor chopper 

















The d.c. signal is thus periodically shorted to earth 
and thereby converted to an a.c. signal which can then 


be amplified by a drift-free amplifier. A synchronous 
demodulator restores the a.c. output to an equivalent 
amplified d.c. signal. Drifts of 10 mpA and 100 pV 
total are possible for amplifiers of this type working 
over a range of 15°C to 50°C. 
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(Continued from page 1035.) 


Patent No. 800,570. Calculating Machines 
Bell Punch Co. Ltd. (Inventors: ]. H. Condy and V. W. 
Sparrow.) (Application No. 12861/54.) 

The specification for this invention defines the differ- 
ence between power driven calculating machines which 
are key-actuated and key-responsive. The former has 
an actuating mechanism to operate the accumulator 
mechanism by means of a number of banks of keys, in 
which the force applied to the keys is the force which 
operates the actuating mechanism and therefore per- 
forms the operation. In the key-responsive machine the 
force applied to the keys is not the force that operates 
the actuating mechanism. In this method of operation 
the actuation of the keys brings the actuating mechan- 
ism into operative engagement with the source of 
power so that the calculating operation automatically 
follows the actuation of the keys. This invention relates 
more particularly to such key responsive power driven 
calculating machines. In the specification reference is 
made to the need repeatedly felt for a machine capable 
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of performing subtraction as well as addition and 
multiplication which form the larger proportions of the 
calculations. In performing this operation manually 
skilled operation is necessary but it is claimed that the 
process is greatly simplified and rendered more reliable 
by the method adopted with the key responsive power 
operated machine featured in the invention. 


Patent No. 800,951. Liquid Flow Control Systems 
The Plessey Company Ltd. (Inventor: Frederick Baines.) 
(Application No. 18189/55.) 

The object of the invention is to provide a con- 
tinuously running pump, relatively silent in operation, 
fitted with a valve means for controlling the rate of 
discharge of the pressure liquid to the service. It is 
particularly applicable to the power assisted steering 
of vehicles and control systems for operating auxiliary 
equipment in aircraft. Referring to the reproduced 
drawing (Fig. 1) a fluid displacement pump 1 is arranged 
within a housing 2 having an inlet passage 3 and an 
outlet passage 4. Liquid is supplied to the inlet passage 
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Fig. 1. 


3 from a reservoir chamber 5 and a delivery passage 6 
is connected with the outlet passage 4. A spring 
loaded flow control valve 7 having a central orifice 7a 
is arranged in the passage 6, providing a controlled 
rate of flow to a service irrespective of the speed of 
the pump 1—the passage 6 having a number of radial 
ports 6a which are normally closed by the valve 7, the 
operation of which is controlled by the flow of liquid 
from the pump 1. This valve can be set to open against 
the spring 7b so as to return a proportion of the pump 
delivery when the flow exceeds a predetermined value, 
to the reservoir 5 permitting a controlled rate of flow 
to supply the service. A spring loaded ball valve 8 in 
a passage 8a leading from the outlet passage 4 to the 
reservoir permits the pressure liquid to be bypassed 
through the passage 9 to inlet passage 3. Return of the 
liquid from service to the reservoir is provided by the 
return passage 10 with radial ports 10a. Connection to 
the hydraulic system of a power assisted mechanism is 
provided by a suitable union 11. 


Patent No. 801,001/002. Data Storage Device 
International Business Machines Corporation (U.S.A.). 
(Application Nos. 36283/54 and 36285/54.) 

In static data storage devices as used for example in 
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high speed digital data processing machines low access 
time to data stored is often desirable. The time required 
by the machine to transfer a value out of storage 
governs to a large extent the speed at which a data 


processing machine operates. The provision of an 
improved data storage device capable of improving the 
speed of access is claimed for this invention. A develop- 
ment relating to data storage devices for computing 
machines is featured in Patent No. 801,002 which may 
be used in the device referred to above. This latter 
patent claims to provide a storage device having a 
high signal to noise ratio and one having relatively 
large signal levels. 


Patent No. 801,350. Pulse Synchroniser 
Sperry Rand Corporation (U.S.A.). (Inventor: Walter 
Nelson Dean.) (Application No. 12854/54.) 
Synchroniser systems, particularly systems for 
generating and precisely synchronising a series of 
pulses in predetermined time-phase relation with 
recurrent control pulses, are the feature of this inven- 
tion. Known automatic systems of this nature are 
actuated by the amplitude of the control pulses and 
hence are adversely affected by random noise signals 
and by changes in the amplitude or wave form of the 
control pulses. The synchronised pulses do not there- 
fore always occur in precisely the same time-phase 
relation with reference to the respective control pulses. 
In Loran systems pulses are transmitted in a predeter- 
mined time relation from two locations and receiving 
equipment on a mobile craft receives and detects the 
pulses to provide a measure of the time-delay between 
the pulses from which a hyperbolic line of position of 
the craft is ascertained. The accuracy of the line of 
position depends upon the accuracy of the time-delay 
measurement. This has been limited by the appreciable 
effects of sky-wave interference (night effect) and con- 
sequent distortion of the pulse wave forms. It is claimed 
that the present invention provides a synchroniser 
system which overcomes these disadvantages. 


Patent No. 801,461. Pulse-Echo System 
Clevite Corporation (U.S.A.). (Application No. 
17079/55.) 

The invention relates to an arrangement in a pulse- 
echo system for discriminating between target echoes— 
especially in systems for use under water. The present 
invention is based on the recognition that, following a 
transmitted signal pulse, the sum total of the unwanted 
echoes of that pulse decreases gradually in amplitude 
over an interval of time, while the echo from the target, 
such as a mine or hull of a vessel, occurs as an abrupt 
pulse. It is claimed for the invention that it provides a 
more reliable means of discrimination than devices 
already known. 
Patent No. 801,660. Temperature Indicating 
Devices 
Graviner Manufacturing Co. Ltd. and Wilkinson Sword 
Ltd. (Inventor: L. T. Thurlby.) (Application No. 
34726/53.) 

Applied more especially to aircraft, indication of 
excessive temperature in the power plant is given by 
detector elements causing the appropriate indicator 
lamp to be illuminated in the cockpit. Cockpit drill is 
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then used to reduce the temperature and this may con- 
sist of operating a remotely controlled extinguisher 
in the engine bay. The pilot will then wish to know 
whether the drill has been successful but in certain 
cases there may be delay in “‘resetting’’ the indicating 
device, i.e., in extinguishing the lamp. This is particu- 
larly the case when the temperature detectors are of a 
type which cause appreciable delay in cooling. This 
may result in the assumption that the drill has not 
reduced the temperature and in the pilot abandoning 
the aircraft or making a forced landing when this 
is in fact unnecessary. The invention claims to over- 
come this difficulty by providing a temperature indi- 
cating device adapted to provide distinctive responses 
to three different temperatures, respectively—the 
highest temperature giving a certain warning signal 
light, the intermediate, another distinctive signal and 
the lowest causing the signal lights to be unlit. When the 
drill is carried out, the high level temperature signal 
reverts to the lower temperature signal as soon as the 
temperature is substantially reduced. This invention 
is particularly applicable to the use of ‘“‘continuous 
detectors” referred to in Patent Nos. 715,317 and 
740,884 and the Provisional Specification of Patent No. 
800,550. 


Patent No. 801,871. 
Measuring Distances 
Brinro Ltd. (Tangiers.) (Application No. 12192/55.) 

This invention is concerned especially but not 
exclusively with measuring distances between aircraft 
and the ground—the transmitter and receiver of infra- 
red rays being mounted on the aircraft and reflected 
from the ground. The principle of the invention lies in 
determining the distance of the aircraft from the ground 
from the angles made by the transmitted and received 
beams with the base line of known length between the 
transmitter and the receiver. 


Infra-red Apparatus for 


Patent No. 802,437. Electric Selector Switches 
Minister of Supply, London. (A pplication No. 33178/55.) 

This invention is concerned with the provision of 
a switch which is more compact and convenient for use 
for the many alternative connections between the units 
of computing apparatus. The connections used at 
present are of the telephone type comprising groups 
of sockets and plugs connected by flexible leads or 
cords—a complicated system which renders it difficult 
to check that none of the connections has been made 
incorrectly. 


Patent No. 802,692. Electrical Calculating Equip- 
ment 

Standard Telephones and Cables Ltd. (Inventor: E. P. G. 
Wright.) (Application No. 32896/55.) 

The object of this invention is to provide equipment 
whereby the accuracy of arithmetic operations per- 
formed in respect of stored numbers may be checked 
from time to time. To achieve this object the equipment 
comprises a set of storage devices in each of which a 
number may be stored and a transfer register in which 
may be stored a series of values in sequence. Each of 
these values may be used to perform by means pro- 
vided an arithmetic operation involving the contents 
of one of the said set of storage devices, the performance 
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being effected by the appropriate one of the said 
values. Means are provided for checking the accuracy 
of the arithmetic operations by the performance of a 
sequence of test operations involving the total of the 
contents of all the said storage devices and the total 
of the series of values both before and after the arith- 
metic operation has been performed. 


Patent No. 802,733. Detecting and Measuring the 
Speed of Moving Objects by means of Radio Waves 
Eastern Industries, Incorporated (U.S.A.). (Application 
No. 1958/55.) 

This invention is especially adapted for measuring 
the speed of vehicles on a roadway but can be used for 
determining the speed of trains or of any other traffic. 
The principle of the invention is concerned with a beam 
of radio waves generated by the circuit of the invention 
and transmitted by a directional antenna at a slight 
angle to the line of direction of the vehicle—these waves 
being reflected back to the sending unit by the vehicle 
and received by the same antenna. The motion of the 
vehicle causes a variable time lag between the receipt 
of the individually reflected waves. by. the antenna. By 
mixing a portion of the original signal at the frequency 
transmitted with the signal received by the antenna, a 
beat frequency is obtained which is proportional to the 
speed of the vehicle. This frequency may be converted 
by the circuit of the invention into miles per hour. 


Patent No. 802,909. Servo Systems 

British Messier Ltd. (Inventors: G. Orloff, A. E. H. 

Elmer and R. A. Chorley.) (Application No. 3921/55.) 
Servo actuating systems are frequently duplicated for 

safety reasons. A difficulty which is experienced in 

such cases is that of detecting which one of the two 

actuating units is faulty and of providing means 


* capable of preventing the faulty unit from interfering 


with the operation of the system by the other unit. 
It is claimed for this invention that this difficulty is 
overcome. 


Patent No. 803,018. Servo-motors 
Preparation Industrielle des Combustibles. 
(Application No. 5908/55.) 

This invention relates to hydraulic and pneumatic 
servo-motors, i.e., to sensitive coupling means in 
which a movement resulting from a relatively small 
force is transformed into a movement which, whilst 
retaining the amplitude of the initial displacement, 
exerts a considerably greater motive force. Two dis- 
advantages occur in known servo-motors of this type. 
First there is a limited relation between the driving 
impulse on the pilot member and the resulting magnifica- 
tion of the power made available at the driven working 
member. Secondly the frictional forces between moving 
parts cause sluggishness or time-lag in operation and 
may alter the relationships of the operative forces. 
These drawbacks restrict the use of these servo-motors 
in such applications as fluid-controlled valves, machine 
tools and automatic or remote control mechanisms, 
where sensitivity and accuracy of movements are of 
primary importance, irrespective of changes in the 
resisting forces acting against the driven part or 
member of the servo-motor. It is claimed that these 
disadvantages are reduced or eliminated by the 
present invention. 


(France.) 
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Circle 52 for further information 





Speedomax Type H with series 60 fe 
additional controls integrally mounted anc 


secl 








posi 


7's Speedomax range of indicators, recorders and controllers is unique— the 
there is no comparable instrument available to you today. It is compact, oe 
all elements being readily accessible and all major components plug-in, and all inte 
moving parts operate by means of a common shaft driven by the positive worm ath 
gear of a high-speed balancing motor. Limit of error is +0-3% and balancing time star 
| to 5 seconds. os 


It is lower in cost than any comparable — 
electronic potentiometer available today. sia 
ot 


Tighe new and quite outstanding is the latest L. & N. introduction— or 


Series 60 Electronic Control. It provides single-action (proportional), 2 action 
(proportional and reset) and 3 action (proportional, reset and rate) control. When . 
supplied with our latest Speedomax Type H potentiometer it forms an integral 
part of the main instrument, requiring panel space of only I7gin. x Il in. x Ilin., 
the unit pulling out like adrawer. This control is also marketed as a separate unit. 


Send now for descriptive literature and as choice of control depends on your product and your process, please 
outline briefly your application. 





INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, 15 — 
Telephone : MIDLAND 1453/4 Telegrams : FLOMETER, BIRMINGHAM Oct 


British made in Birmingham 
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T.D.I. Frequency Meter 
Tue T.D.1. is a battery/a.c./d.c. partly 
transistorised frequency meter with a 
measuring range of 1 kc/s to 3,000 Mc/s. 
When used as a generator the range is 
0 to 3,000 Mc/s. The measuring accuracy 
is 1 cycle, and the sensitivity as a 
frequency meter | mV. The input impe- 
dance is | Mn and the output impedance 
70 ohms. Deliveries of this instrument 
will commence early in 1960. 

Circle 1 for further details. 


Hand-operated Small Radius Draw 
Bender for Light Gauge Tubes 
CHAMBERLAIN INDUSTRIES LIMITED have 
recently added a mandrel type hand- 
operated small radius precision bender to 
the STAFFA range of draw benders. 

This machine can bend steel tubes from 
2 in. to 1 in. o.d. to throat radii equal to 
twice and in certain cases one and a half 
times the tube diameter. 

The tube is inserted on the mandrel 
and a preset stop on the mandrel rod 
locates the bending position. The clamps 
secure the tube to the centre former and 
position the back former correctly whilst 
the angle of bend is fixed by an adjustable 
ring stop. 

All formers and back formers, which are 
interchangeable are accurately machined 
to suit the tube dimensions, and special 
forming dies can be supplied for non- 
standard materials within the capacity of 
the machine. 

The machine can be supplied for bench 
mounting, or with a special stand with 
overhanging head to enable _ intricate 
shapes to be produced without alteration 
to the “handing’’ or without fouling the 
pedestal. 

Circle 2 for further details. 


. 


Hand-opevated small radius draw bender for 
light gauge tubes 
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Micromodules 

THE Micromodule embodies the use of 
elements of uniform shape and size which 
can be combined into a single cube-shaped 
solid to perform a complete circuit func- 
tion. Modules. in turn, can be con- 
structed in combinations to make a wide 
variety of electronic assemblies. 

Basically, the RCA Micromodule is a 
unit in which several micro-elements have 
been combined to perform a_ specific 
circuit function, for example, amplifier, 
oscillator or filter. Micro-elements are 
tiny ceramic wafers, approximately ,4ths 
in. square and 1/100th in. thick on which 
conducting, semiconducting and insulating 
materials are fused to provide the electri- 
cal characteristics of basic electronic 
components such as resistors, capacitors 
and transistors. Micro-elements are inter- 
connected and encapsulated to form 
Micromodules. 

Initially, RCA is making available 
engineering samples of 15 Micromodules 
including: 

Type 
DMO0013A 


Description 
Binary divider (consists of two 


modules) 
DMOO014A Gate 
DMO0015A_ IF amplifier (4-3 Mc) 


Limiter (4-3 Mc) 

Discriminator 

Audio amplifier 

RF amplifier (49-4 Mc) 

Mixer (4-3 Mc) 

Sawtooth generator (8 kc) 

Time modulator 

Oscillator (192 kc) 

Clipper 

Pulse shaper 

DM0027A Output amplifier 

DM0028B Pulse generator 
Circle 3 for further details. 


Silicon Rectifiers 
RCA 1N536, 1N537, 1N538, 1N539, 1N540, 
1N547, and 1N1095 are silicon rectifiers 


DMOOI6A 
DMOO17A 
DMOOI8A 
DM0020A 
DM0021A 
DM0022A 
DM0023B 
DM0024A 
DM0025A 
DM0026B 


intended especially for use in power 
supplies and d.c. blocking circuits of 
industrial and military equipment. They 


are designed to meet stringent environ- 
mental and mechanical requirements of 
prime importance in military applications. 

RCA 1N440-B, 1N441-B, 1N442-B, 
1N443-B, 1N444-B and 1N445-B are sili- 
con rectifiers having the same desirable 
characteristics as the types shown above 
but, in addition, have very low reverse 
(leakage) currents to insure high efficiency 
performance in magnetic amplifier applica- 
tions. 
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Special features of these silicon recti- 
fiers are: 
Welded case seals—each unit is 
pressure tested to assure a hermetic 
seal against moisture and contami- 
nation. 

2. Diffused silicon junction—precisely 
controlled processing provides flat 
junctions with uniform characteris 
tics. 

3. I-xternal protective coating—retards 
the effects of severe environmental 
conditions. 

4. Sturdy and compact structure 

popular metal case with axial leads 

for flexibility of circuit connections 
5. Stable performance assured by 
repeated temperature cycling over 
the entire operating temperature 
range. 
Circle 4 for further details. 


Dipping Baskets 


THE new expanding metal material has 
been used to produce a range of robust 
dipping baskets and are now offered by 
Tool Treatments (Chemicals) Ltd. 

These new baskets provide a_ very 
marked advance over the usua, type of 
wire mesh basket particularly as regards 
selling prices which are lower and show a 
considerable saving. The baskets are 
suitable for use by the plating trade and 
metal finishing industries as they are 
light but by the nature of the material 
used will stand up to extensive pickling 
in hydrochloric acid solutions 


8 in. Sin. X 4% in. & in 
22/6 each. 
15 in. 10 in. 10 in. } in 1 in. 
18 gauge. 45/6 each. 
15 in. 10 in. 10 in. #, in. & in. 


45/- each. 


20 gauge. 
Circle 5 for further details. 





Dipping baskets 
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Miniature Low Capacitance G.P. Relay 
Tuts relay is intended for use in circuits 
requiring a small two changeover relay 
with low capacitance between springs, and 
between springs and frame. The con- 
ventional flat springs have been replaced 
by wire springs mounted in moulded 
blocks. 

Typical performance characteristics at 
1,000 c/s give a capacitance of not worse 
than 1 wuF between all springs and not 
worse than 2 wuF between springs and 
frame 

Dimensions and fixing arrangements 
are as for the standard miniature G.P. 
relay, i.e.: 

Overall dimensions (including tags) 
1:54 «x 1-09 0-48 in. (38-9 «x 27:8 X 
12-3 mm). 

When fitted with a Perspex protecting 
cover for the springset 1:56 « 1-31 x 
0-63 in. (39-6 « 33:3 15-9 mm). 

The weight of the relay is 30 g and of 
the cover 6 g. 

A typical design for a low capacitance 
G.P. relay to operate on a nominal voltage 
of 24 volts is compared with a normal G.P. 
relay as follows: 


Minimum 

Nominal Nominal Circuit 
Coil Turns Operate 
Resistance On Coil Current 


Low Capacitance 
G.P. 700 ohms = 8,000 

Normal Type 
G.P. 


22-2 mA 


1,000 ohms = 9,700 15-6 mA 
The low capacitance G.P. relay is suit- 

able for operation in ambient tempera- 

tures in the —40°C to +85°C range. 

The maximum power dissipation for the 
fully wound relay in an ambient tempera- 
ture of 15-6°C is 1-5 watts. At higher 
ambient temperatures the wattage must 
be appropriately lowered. 

The dielectric breakdown test voltage 
between all parts not in electrical contact 
is 1,000 volts r.m.s. at 50 c/s. 

Circle 6 for further details. 


“Nitrofloat” Liquid Nitrogen Purity 
Tester 

THE ‘“‘N&vROFLOAT’’ consists of a_ glass 
bulb containing sufficient mercury to keep 
the stem upright in the liquid and to give 
the instrument a specific total weight. A 
vertical stem, with a scale calibrated in 
arbitrary units, projects above the surface 
of the liquid on immersion of the instru- 
ment. Because of the difference in specific 
weight between liquid nitrogen and liquid 
oxygen, the instrument will float deeper 
in liquid nitrogen of higher purity. 

A sample of the liquid, the purity of 
which is to be measured, is poured into a 
special Dewar flask. The ‘“‘NITROFLOAT”’ 
is then placed in the liquid and after 
boiling has completely subsided a reading 
on the calibrated stem can be taken at the 
liquid surface. 

With this reading and the barometric 
pressure, the purity of the liquid nitrogen 
can be taken from a graph (each ‘“‘NiTRo- 
FLOAT’ is supplied with a graph bearing 
the same serial number as shown on the 
instrument). 

Measuring range: 0-1°% oxygen in liquid 
nitrogen; Accuracy: better than 0-2%; 
Barometric pressure : 58-78 cm of mercury 
Range: (0-2,000 metres above sea level). 

Circle 7 for further details. 
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Instrument Rack Panels 

THE frame unit is manufactured in 2 X 
4 in. angle iron, having the standard Post 
Office markings and is manufactured in 
widths of 19 in. and 224 in., and in 
standard sizes of 4 ft or 6 ft high. 

There are two side access doors manu- 
factured in 12-gauge mild steel sheet of 
press formed construction. There is also 
a flush mounted rear door which can be 
supplied with or without louvres. Each 
door is fitted with small barrel locks and 
all doors have concealed lift-off hinges. 

Provision is made for dust-proofing 
where necessary. The panel is mounted 
on a base with provision for castors. 

The units can be fitted with chassis 
units complete with runners or alter- 
natively with a plain front steel sheet. 
They can be supplied in single or multi- 
sectioned units, each unit having a rear 
door. 

Circle 8 for further details. 


Flame-proof Gilbarco Electronic Gauge 
A NEW model of the Gilbarco electronic 
tank gauge for use on deep storage tanks, 
is shortly to be available from Firth 
Cleveland Instruments Ltd., a member of 
the Firth Cleveland Group. The new 
model, CMB 107U, is housed in a ductile 
iron case and meets American Class I, 
Group D, Division 1 requirements for 
flame proofness. 

Firth Cleveland Instruments Ltd. have 
for some time manufactured under licence 
the standard Gilbarco tank gauge in 
aluminium cases for use where full under- 
writers’ certification is not called for. The 
new model retains all the features of the 
old, including accuracy in the field to 4 in. 
and in the laboratory to ,, in. 

The gauge reads the true level of the 
liquid in feet, inches and _ sixteenths, 
regardless of its specific gravity. It is 
power-actuated to overcome the effect of 
varying friction in pulley sheaves, and the 
variation in the weight of the measuring 
element at high and low liquid levels. It 
can be adapted to almost any type of 
remote transmission, and provides the 
basic accurate data necessary for a co- 
ordinated system of remote transmission. 
The gauge can be equipped for automatic 
selection of temperature averaging resist- 
ance thermometers, and can be fitted with 
high and low level alarms. 

All metals and other materials used in 
the gauge are selected to resist corrosion. 
It can be installed, serviced, re-calibrated 
and maintained without taking the tank 
out of service. The gauge may be installed 
to measure water level or the interface of 
two products. 

In multiple storage tank installations, 
the gauge on each tank can be connected 
to a Firth Cleveland Gilbarco null-balance 
receiver for remote liquid level and average 
temperature readings. The standard 
receiver is equipped to read this data from 
30 tanks. Since no current flows through 
the instruments when readings are being 
taken, errors caused by _ transmitter 
loading are eliminated. The receiver 


incorporates a means of remotely checking 

and proving the accurate operation of each 

gauge from the instrument house. An air 

purged version of this receiver can be 

supplied for mounting in hazardous areas. 
Circle 9 for further details. 
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Magnetic Amplifier Types R601 and 
H60! 


A HIGH power gain magnetic amplifier for 
use with the size 15 servo motors—her- 
metically sealed, it will provide satis- 
factory trouble-free service under extreme 
environmental conditions. A_ polarity 
reversible d.c. input signal is needed, 
which is then amplified providing a phase 
reversible a.c. output signal to the control 
phase of the servo motor. The output 
voltage is in quadrature with the excita- 
tion to the magnetic amplifier. 

Electrical characteristics 


Frequency — 400 cycles 
Primary voltage — 115 volts 
Rated load impedance (tuned 

for unity power factor) — 2,640 ohms 
Power output 

(into rated load) — 5 watts max. 


Voltage output 
(into rated load) 
Primary current 


115 volts max. 


(at rated output) — 130 amp 
Quiescent contro] coil current — 4 mA (each coil) 
Control coil resistance — 3,360 ohms (each 

coil) 


Magnetic amplifier tuning 
capacitor (in addition to 
capacitor required to tune 
load for unity power factor) — 0-4 uF 
Recommended control coil 


by-pass capacitors (C1) - Ol pF 
Ambient temperature ranges: 

R601-1 —55 to +71°¢ 

RH601-1 (to special order) — —55 to + 125°C 


Circle 10 for further details. 


Cine Camera Exposure Device 
Powered by Selenium Photoelectric 
Cell 


A SELENIUM photocell reacts to changing 
light levels and sets the lens opening on an 
automatic 8 mm motion picture camera 
manufactured by the U.S.A. Bell and 
Howell Company. No batteries, motors 
or springs are required in the operation, 
said to be the first commercial use of direct 
light energy in performing a mechanical 
task without intermediate conversion. 

The photocell, manufactured by Inter- 
national Rectifier Co. (Great Britain) 
Limited, supplies an electric current 
which sets the lens before the camera 
starting button is touched. No focusing is 
necessary. 


Selenium photocell (foreground) activated 
exposure mechanism in 8 mm cine camera 
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Circle 53 for further information 





By appointment to research 


ELGASTATS serve in every university, and leaders in 
industrial research throughout the world rely on elgalised water. The reason 
is simply this: the ELGASTAT provides conductivity water, 
superior to multi-distillate, at tap speed without maintenance or regeneration. 


Effluent cost is negligible and effluent quality never varies. 


Publication IP/1 includes a paper “Deionisation . . . ’’ Please ask for a copy 


If it’s Ton Exchange ask F [ 6; A first 


ELGA PRODUCTS LIMITED 


LANE END, BUCKS. 


Phone: Lane End 396 





P3766 
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The selenium photocells used are custom 
built to Bell and Howell’s requirements, 
specially processed for photographic use 
with high output when connected to high 
resistance meter movements. They 
measure 1-59 in. in length, and possess an 
active cell area of 1-1 in?®. 

Circle 11 for further details. 


Control and Selector Valves 
FINE control valves have been designed 
to provide flow control of gases and liquids 
with a positive leak-free condition over a 
very long life Control is through a 
number of rotations of the handle covering 
negative to maximum in a very gradual 
increasing flow rate. The control and valve 
operating stem are separated by a resilient 
diaphragm and by the use of an adjustable 
stop each valve is set to provide an 
absolute seal without straining the operat- 
ing handle or damaging the valve seat or 
sealing member. ‘The valves are manu- 
factured in three sizes with } in., } in. and 
4 in. diameter ports. They are recom- 
mended for a wide range of uses at varying 
pressure from high vacuum to 200 p.s.i. 
The } in. size valve has recently been 
adopted by the R.A.F. as standard for 
use when testing aircraft pressure- 
operated instruments 

Selector valves of a new design for 
distributing gases and liquids between a 
number of independent or inter-connected 
ports are now available. Present range 
covers two or six way distribution in a 
full compliment of varying ways. Due to 
the simplicity of the design these selectors 
are moderately priced. Operation of the 
selector is controlled by a cam-shaped 
central spindle which is contacted by 
valve stems contained in each of the 
connectors. Standard selectors are 
supplied with }$ in. B.S.P. and } in. 
B.S.P. connectors fitted with Drallim 
captive seal union nuts, but larger sizes 
are available on request. Special features 
include negative pressure drop change- 
over, positive non-leak between ports and 
unmistakeable selective operation. Work- 
ing pressure, high vacuum to 200 p.s.i. 
These selector valves are very light in 





Selector valve with common inlet connector 
which will distribute to any of four ports 
while the other three remain positively closed 
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operation and are therefore very suitable 

for use in conjunction with pneumatic 

rams or other types of automatic control. 
Circle 12 fov further details. 


Silicon Power Transistors 

THE initial units, types 2N1067, 2N1068, 
2N1069, 2N1070, and 2N1092 utilise mesa 
construction. They are designed for use in 
a wide variety of applications particularly 
in power-switching circuits, such as multi- 
vibrators, d.c.-to-d.c. converters, d.c.-to- 
a.c. inverters and as relay and solenoid- 
actuating devices. They may also be used 
in oscillators, class A and class B push-pull 
amplifiers, and in d.c. amplifiers especially 
in servo applications. 

These transistors, which offer the 
designers of industrial and military equip- 
ment a wide choice of power-switching 
capability in industry preferred cases 
(JEDEC No. TO-3, TO-5, and TO-8), 
feature good beta stability over the entire 
operating temperature range ( 65 to 

175°C), and low saturation resistance. 
In addition, these silicon transistors are 
designed to meet stringent environmental, 
mechanical and life test requirements. 

Circle 13 for further details. 


Pipe Couplings 

By the use of a specially designed seal 
held captive in a controlled recess in the 
union nut, the new pipe couplings provide 
a definite seal which is not affected by 
vibration. The fittings are manufactured 
in sizes for use with j in., }in., ¥% in., 
%in., } in. and 3 in. outside diameter pipes. 
They are very efficient under high vacuum 
conditions and recommended for use at 
pressures up to 200 p.s.i. The pipe fittings 
are standard in straight, elbow, tee and 
stud fittings and can also be manufactured 
to suit customers’ requirements. 

Circle 14 for further details. 


Gapmeter 

GAPMETERS are direct reading variable 
area flowmeters. The meter is mounted 
vertically with fluid passing upwards 
through the tube; the indicating float is 
lifted by the fluid and the top surface 
indicates the flow rate on the calibrated 
scale. Tubes are Pyrex glass, vacuum- 
formed to precise internal dimensions and 
carefully annealed with fused-in gradua- 
tions. 

Floats are made in three standard forms 
for each tube; hollow red-anodised duralu- 
min for low pressure gases, hollow stainless 
steel for liquids and gases and solid stain- 
less steel for liquids. Other materials used 
to special order. All floats are fluted for 
rotation. Float spring stops are stainless 
steel. Scales for common fluids are avail- 
able in English and Metric units. 

Special calibration requirements in small 
quantity are met by using arbitrarily 
figured scales with conversion charts; any 
scale can be supplied to meet quantity 
requirements. 

The flow scales and conversion charts are 
accurate to 0-050 in. unless otherwise 
stated. 

Circle 15 for further details. 


Air Flow Switch Type AS 

Tus is a small and inexpensive unit but 
nevertheless of robust construction, with 
a stainless steel spindle set in twin ball 


INSTRUMENT PRACTICE 





Air flow switch type AS 


races. The vane size is 34 in. 
and is fully counterbalanced. 

Adjustment is provided so that the 
vane can be set for any direction of air 
flow. The switch is suitable for air flow 
velocities down to 300 ft. per minute. 

A single pole changeover snap-action 
switch rated up to 2 amp 440 V a.c. is 
incorporated, this being wired to a 3-way 
terminal block enabling the required 
switching action to be selected. Provision 
is made for a single conduit entry at the 
bottom of the case. 

Circle 16 for further details. 


34 in. 


Junction Transistors 

THE 2N1090 and 2N1091 are two german- 
ium alloy-junction transistors of the n-p-n 
type designed for use in medium-speed, 
high-current switching circuits of in- 
dustrial and military electronic data 
processing equipment. In such equipment, 
the 2N1090 can provide a switching time 
of 0-3 usec; the 2N1091, 0-25 usec, both 
at collector current levels of 200 milli 
amperes. 

The 2N1090 has a minimum d.c. current 
gain of 30 (at a collector current of 20 
milliamperes) and 20 (at a collector current 
of 200 milliamperes), a minimum alpha- 
cut off frequency of 5 Mc, and a maximum 
stored base charge of 1,600 uz coulombs. 

The 2N1091 has a minimum d.c. current 
gain of 40 and 30, respectively, at the 
collector currents indicated above, a 
minimum alpha-cutoff frequency of 10 Mc, 
and a maximum stored base charge of 
1,000 wucoulombs. 

In a typical switching circuit, a 2N1090 
and its p-n-p counterpart 2N579 used in a 
complementary - symmetry emitter - 
follower stage and driven by an inverter 
stage using a 2N582 (p-n-p type), are 
capable of providing a ‘‘turn-on”’ time of 
0-21 usec and a “‘turn-off’’ time of 0-34 
usec, for a capacitive load of 3,600 uF. 

In the same switching circuit, a 2N1091 
with its p-n-p counterpart 2N580, is 
capable of providing a “turn-on” time of 
0-18 sec, and “‘turn-oft’’ time of 0-28 
usec for a capacitive load of 3,600 pF. 

The 2N1090 and 2N1091 utilize metal 
cases with a welded hermetic seal and have 
the dimensions of the JEDEC NO. TO-9 
case. 

Circle 17 for further details. 


Square Root Calculating Machine 

THE growing development in nuclear 
research programmes, installation of auto- 
mation plants and research in industry 
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Square root calculating machine 


generally, has brought into bold relief the 
need for a means of obtaining accurately, 
complex square root calculations without 
the possibility of human error such as may 
occur with the slide-rule. 

An American company—the Friden 
Calculation Machine Company Inc., of 
San Leandro, California—has developed 
the Friden Square Root Calculating 
Machine. 

The figure for which the square root is 
required is fed into the machine, a button 
is pressed and the machine does the rest. 
It will provide the answer up to ten places 
of decimals. 

The machine is compact and portable. 
It may be operated from any power-plug 
electrical supply, and it measures only 
some fifteen inches by fifteen inches. To 
guard against a mechanical fault, there is 
a staccato-like warning device, and the 
machine locks in the event of a breakdown 
internally. 

Square-root answers may be “‘stored’”’ 
until it is desired to clear. Another 
feature is that there is 4 visual record of 
the figures being used which are shown on 
a separate panel, thus providing a cross- 
check for the operator. 

When not required for the finding of 
square roots, the machine may be used 
for normal calculating, i.e., multiplying, 
dividing or adding as required. 

The price is £660. Delivery is not 
immediate and it may be some time before 
there are more than limited supplies 
available. 

Circle 18 for further details. 


Drift Transistors 

2N643, 2N644 and 2N645 are three new 
drift transistors of the germanium p-n-p 
alloy type. These transistors are speci- 
fically designed for use in high-speed 
(millimicrosecond duration) non-saturating 
switching circuits of electronic computers 
such as inverters, flip-flops, and logic 
gates where high gain-bandwidth product 
and pulse repetition rates up to 10 Mc are 
primary design requirements. 

The 2N643, 2N644 and 2N645 feature 
a minimum gain-bandwidth product of 
20, 40, and 60 Mc, respectively. This 
figure of merit makes possible the design 
of switching circuits having rise, fall, 
and propagation times in the order of 20 
millimicroseconds. 

These transistors are constructed in 
metal cases with welded hermetic seals 
and have the dimensions of the JEDEC 
TO-9 outline. The leads of these devices 
are spaced to conform with Grid System A 
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(lines spaced 0-100 inch) RETMA Stan- 
dard RS-188 issued June, 1957, for auto- 
mation requirements. 

Circle 19 for further details. 


Resistance-Capacitance Box 


A NEW instrument incorporating inde- 
pendently adjustable resistance and capa- 
citance ranges in one unit is now available 
from R. E. Thompson & Co. (Instruments) 
Ltd. The general purpose laboratory box 
incorporates the following ranges: Capaci- 
tance 0-luF steps, 0-0l uF steps, and 
0-001 uF steps; Resistance 100 k ohm 
steps, 10 k ohm steps, 1 k ohm steps, and 
100 ohm steps. Other models are available 
to customers’ orders with overall varia- 
tions of: Capacitance from 1 uF steps 
down to 100 pF steps and resistance from 
1 M ohm steps down to 1 ohm steps. 
Various component tolerances are also 
available which do, of course, affect the 
cost of the instrument, as do the types of 
dielectric available. Normally Polystyrene 
capacitors of 1% tolerance are used 
although silvered mica is available to 
special order. Paper capacitors have to 
be used for the 1 uF range due to size 
limitations, so here the tolerance cannot 
be guaranteed to better than 10%, over a 
long period. However, a short term 
stability of 1%, is possible to special order. 
The between steps error on the 100 pF 
range is 1%, although there may be a 
zero error of 10% due to wiring stray 
capacitance. 

All capacitors are normally 350 volt 
working and resistors are $ watt rated. 
Other voltage and power ratings can be 
supplied if required. 

An electrostatic screen between the 
two halves of the box ensures complete 
independence of the, separate circuits. 
This screen is brought out to the earthing 
terminal of the box. 

The price for the standard box is 
approximately £18 depending on require- 
ments. Prices for other types will be 
quoted on request. Delivery is dependent 
upon type and is usually 6-8 weeks. 

Circle 20 for further details. 


Portable Precision Voltmeters, 
Ammeters and Wattmeters 


A COMPLETE range of Metrawatt portable 
precision ammeters, voltmeters and watt- 
meters is now being marketed by Metrix 
Instruments Ltd. 

The meters are designed to meet the 
need for sensitive instruments having an 
accuracy somewhat higher than that of 
general purpose bench models, for test and 
laboratory measurements where it is 
inconvenient or uneconomical to use an 
expensive and often delicate standard 
instrument. The range is suitable for use 
as transfer standarus. 

The range of moving coil instruments 
have an accuracy of +0-5% and include 
a voltmeter covering 6 to 600 volts a.c. 
f.s.d. in five ranges. Four current- 
measuring instruments cover 20-2,000 wA 
f.s.d.; 0-5-50 mA; 0-2-20 A, and 0-60 mV 
for use with shunts up to 2,500 A. 

A similar range of precision moving-iron 
types having an accuracy of 4-0-5% a.c. 
-1% d.c. is also available. 

The portable double element Watt- 
Varmeter has an accuracy of +1-5% and 
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has four self-contained voltage ranges from 
110-550 V. The current rating is 5 A per 
phase and a current transformer extends 
this range to 800 A. 

The laboratory power measuring set, 
type MD3, has built-in meters for each 
phase and measurements can be made to 
within 1% on single phase, three phase, 
three or four wire systems under any load 
conditions. Voltage and current selector 
switches are built in, together with a 
multi-range voltmeter for independent 
analysis. The equipment is ideally suited 
for t'e accurate and complete analysis 
of motor performance by measuring: 
current per phase; voltage, phase-to- 
phase and _ phase-to-neutral; effective 
power, input and output; reactive power, 
inductive and capacitive; phase balance ; 
phase rotation; power factor. 

All portable meters are available for 
immediate delivery and prices range from 
£12 Os. Od., to £15 10s. Od., for normal 
ranges and {24 10s. Od. for the micro- 
ammeter. Carrying cases with compart- 
ment for leads, etc., are available for 
£2 7s. 6d. 

Circle 21 for further details. 


Power Transistors 

THE 2N456 and 2N457 germanium p-n-p 
alloy junction transistors are intended for 
use in power-switching, voltage-regulator, 
multivibrator, d.c.-to-d.c. converter, and 
power supply circuits, and as_ relay 
actuating devices in industrial and military 
equipment. These transistors may also 
be used in large-signal class A or B push- 
pull audio-frequency amplifier service and 
in low frequency oscillator service. 

The 2N456 and 2N457 have a maximum 
collector current rating of —5 amperes, a 
maximum collector-to-base voltage rating 
of —40 and —60 volts, respectively, and a 
maximum transistor dissipation (at a 
mounting-flange temperature of 25°C or 
below) of 50 watts. The 2N457 is like the 
2N456 but has the higher maximum peak 
collector-to-base voltage rating (—60 
volts) for use in those industrial applica- 
tions requiring such voltages. 

The 2N456 and 2N457 utilise a metal 
structure in which the collector is electric- 
ally and thermally connected to a mount- 
ing flange, the maximum seated feight of 
the case is 0-40 in. The maximum length 
of the mounting flange is approximately 
1-5 in., the maximum width approximately 
1 in. 

Circle 22 for further details. 


Double-beam Oscilloscope Type 
CD.711S.2 

THE CD.711S.2 has Joint Service Approval 
(designated oscilloscope CT.414) and 
carries the Joint Service Catalogue 
Reference 6625-99-943-1632. This instru- 
ment meets the requirements of the 
Ministry of Supply Specification K114E, 
which provides for stringent vibration and 
environmental testing as part of the 
acceptance procedure. 

Tre main features include identical 
circuits for the ““Y1" and ‘‘Y2”’ channels; 
negligible trace interaction; crystal- 
controlled time markers; and 4 cm 
pictures at 7 Mc/s. 

The beam-switching, 150 kc/s chopping, 
or alternate sweeps, allows the full bright- 
ness of the 4EP7 cathode-ray tube to be 
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Circle 54 for further information 














This photograph was taken with the permission of the West Midlands Gas Board 


Nake a note of this 


The recorders you see are in the booster house of a large gas works. 
They are, of course, Arkon recorders. 
Arkon recorders measure gas, air, steam, water and effluent flow 
in 1 inch pipe or 36 inch mains. They can also measure pressure oF 
vacuum, or pressure and vacuum of gas and air from 0.1” w.g. 
to 50 p.s.i. They give a clear, unmistakable record which you 
v/ read like a book. 
/ You can leave the chart on for a few hours, a day, or a week. 
Arkon instruments are easy to read, easy to look after, robust— 


The keen eye will be able to pick out in this, photograph 
an Arkon Liquid Flow Indicator on the pipeline above, and their accuracy will satisfy even the men in the lab. Send for 


and Arkon Full Scale Pressure Gauges on the panel itself. pamphlet AD/ 110 for more details. 


WALKER, CROSWELLER & CO. LIMITED, CHELTENHAM 


Telephone Cheltenham 56317 
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Double-beam oscilloscope 


utilised while giving complete freedom 
from the forms of trace interaction 
normally associated with double-gun or 
split beam cathode-ray tubes. 

The time base has a basic coverage of 
from 0-3 usec/cm to 3 sec/em with up to 
x10 symmetrical expansion giving a 
maximum velocity of approximately 
0-03 ywsec/em (33 yusec/em maximum 
sweep speed). 

Trigger delay is continuously variable 
from 10 usec to 10 msec in three switched 
ranges, fine control being effected by a 
ten turn helical potentiometer. ; 

Circle 23 for further details. 


I; in. Square Industrial Meter 

BALDWIN INDUSTRIAL CoNTROLS have 
developed a new square miniature moving 
coil meter. The pressed steel case has 
been designed to meet, if required, 
particular customers requirements. The 
range covered for direct current can be 
from 50 ywamp to 100 amp and from 
50 mvolts to 300 volts. Alternating 
current ranges are from 50 ywamp to 
20 amp and from 5 volts to 300 volts. 

Circle 24 for further details. 


Electronic Batch Counter Type BC2 
TuIs batch counter is intended for batch 
counting at speeds up to 10 counts per 
second. 

The batch counter BC2 is a compact 
self-contained unit housed in a small 





Baldwin 1} in. square industrial meter 





OcToBER 1959 





standard Elcontrol steel case. Overall 
dimensions are 74 x 5} X 5 in. 

Maximum count is 9999. The batch 
counter is easily set up to the required 
batch number, the setting wheels being 
accessible when the cover of the unit is 
removed. The number is illuminated and 
is visible through a window in the cover 
of the unit. As counting proceeds, the 
counter displays a descending count. 
giving relay operation and re-setting at 
zero count. 

Input—Photoelectric using MHP view- 
ing head and MHL light source, or SC3 
scanner; or mechanically operated con- 
tacts. 

Sensitivity—Approximately 33% change 
of total illumination on the cell between 
limiting values of 6 ft candles to 30 ft 
candles at the cell. 

Response—Minimum—no limit; Maxi- 
mum—10 counts/sec; Minimum duration 
of input signal—40 usec. 

Reset time—400 usec. 

Mode of operation—A—registers “‘light”’ 
pulses. B—registers ‘‘dark’’ pulses, by 
plug and socket selection on unit. 

Sensitivity control—Variable sensitivity 
control by adjusting preset potentiometer. 

Output—A pair of each HD N/O and 
HD N/C contacts rated at 5 A 250 V, a.c. 
non-inductive, giving change-over for 
0-2 sec at the beginning of the reset cycle. 

Power supply—Suitable for 200/250 V, 
50/60 cycle mains supply. Other ratings 
to order. Built in 6 V, 6 W supply for 
light source when used with photoelectric 
input. 

The price is £70. 

Circle 25 for further details. 


Crystal-controlled Stroboscope for 
Vibration Analysis 

THE frequency difference stroboscope pro- 
vides two outputs, one for feeding the 
vibration table and the other for control- 
ling the light source which is provided by a 
special tube giving exceptionally short 
flash operating up to frequencies of about 
3,000 per second. 

Requirements for vibration analysis 
are such that the light flash frequency has 
to be adjustable throughout the entire 
range to a frequency differing from that 
of the vibration table by up to two cycles 
per second. This condition is provided for 
by a small dial calibrated in frequency 
difference which is continuously adjustable 
from 0 to 2 c/s. 

Where high speeds are required a very 
short flash duration is necessary and a 
feature of the instrument is that the 
length of flash varies with the speed 
control so that clear resolution is obtained 
even at the highest frequencies and at the 
same time the apparent light output 
remains reasonably constant. The instru- 
ment is crystal controlled which gives 
great stability of the frequency difference 
and is entirely electronic, there being no 
mechanical or motor-driven parts. 

The lamp unit is separate from the 
control equipment and the lamp box is 
universally adjustable on a chromium- 
plated swivel on a four foot vertical pillar 
mounted on a cast iron base with fitted 
castors to facilitate movement. The power 
supply for the tube, which operates at 
about 25,000 volts is also mounted on the 
lamp unit, and the instrument and lamp 
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unit are connected by multiple plugs and 
sockets. 

Two models are available, Strobolyser 
Model FD covering 10 to 2,750 c/s on four 
ranges together with a fifth continuous 
sweep range, and Strobolyser Model FDS 
which has a single sweep range with the 
scale calibrated to the new vibration 
analysis law. Model FDS can also be 
provided with a motor drive. The price 
of the equipment is £340. 

Circle 26 for further details. 
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So simple! 


Circle 55 for further information 
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So surely SIMPLIFIX 
the foolproof 
coupling! 





Simplifix couplings form a perfect joint 
on almost any kind of tubing including 
those with very thin walls. All that is 
required is tightening with a spanner — 
no special work is required on the tube and 
the anti-friction washer prevents the tube 
twisting when the nut is tightened. 
Simplifix couplings are suitable for all 
pipe line systems up to 2” 0.d. In a wide 
range of interchangeable standard fittings. 
Non-standard fittings of all kinds can 

also be made to order. Write for further 
information and fully illustrated catalogue. 


SIMPLIFIX 





SIMPLIFIX COUPLINGS LIMITED 
HARGRAVE ROAD * MAIDENHEAD 
BERKS - TEL: MAIDENHEAD 5100 
A member of the ALENCO Group 
of Companies 
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Reliability of Digital Computer Systems 
A SERIES of discussion meetings is to be 
held on Wednesday and Thursday, 20th 
and 2Ist January, 1960, at The Institution 
of Electrical Engineers, Savoy Place, 
London, W.C.2, which will deal with: 

“Managerial and Engineering Aspects 

of Reliability and Maintenance of Digi- 

tal Computer Systems.”’ 

The programme will be divided and, on 
the first day, the British Computer Society 
will be responsible for arranging meetings 
which will deal with these subjects: 
Methods for Determining the Functioning 
Status of a System; Recording Techniques 
for Determining Operating Efficiency of a 
System; Programming Techniques for 
Protection against Transient Failures; and 
Management and Organisation Problems. 

On the second day, the discussions will 
be concerned with such topics as Ex- 
perience of System Reliability; the In- 
fluence of Engineering Design on 
Reliability; and Factors affecting the 
Reliability of Peripheral Equipment. 
These meetings will be organised by the 
Measurement and Control Section of The 
Institution of Electrical Engineers with 
the support of the Council, and anyone 
wishing to contribute material is asked to 
submit a digest of approximately 500 
words, for a 10 to 15 minutes’ contribu- 
tion, to the Secretary of The Institution 
not later than 30th October, 1959. 

The whole series of meetings is being 
held under the aegis of Group B, the 
British Group for Computation and Auto- 
matic Control, of the British Conference 
on Automation and Computation. 


Shock Tube Simulates Space Flight 
Conditions 


A HYPERSONIC shock tube now under 
construction at the National Physical 
Laboratory, Teddington, will be able to 
simulate some or all of the conditions 
applicable to the flight of missiles at 
extreme speeds in the upper atmosphere. 
The general principle of a shock tube is 
based on the sudden release of pressurised 
gas. Complex electronic equipment is 
required to collect data on the behaviour 
of the gas flow during its few thousandths 
of a second duration, when free-flight 
Stagnation temperatures of the order of 
15,000° F may be achieved. 

Many shock tubes have been con- 
structed from surplus gun barrels, but for 
the purpose of studying the physics of air 
at very high temperatures, stainless steel 
is preferable. The new installation incor- 
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porates stainless steel bars specially bored 
with a two-inch diameter hole to close 
tolerances, and capable of withstanding 
1,000 atmospheres pressure. The shock 
tube has been bored by the Sheffield firm 
of Keeton, Sons & Co. Ltd., members of 
the Firth Cleveland Group, who have 
developed special equipment for such 
assignments. 

The required aerodynamic performance 
of the shock tube calls for extremely high 
‘driver’ pressure in the chamber, or breech, 
of the shock tunnel. Typical operating 
conditions require the containment of 
about 1 cubic foot of hydrogen at a 
pressure 1,000 times greater than that of 
the atmosphere. This gas is then released, 
by rupturing a diaphragm, into the working 
section of the tube. A dump tank which 
has a total volume of about 200 cubic feet 
and is exhausted to a pressure of 1 micron 
of mercury is fitted downstream of the 
working section to ensure the final 
equalisation pressure in the apparatus 
does not exceed 5 atmospheres. The effect 
of the apparatus is to simulate flight at 
speeds up to about 18,000 m.p.h. at 
heights over 150,000 ft (30 miles). 

To meet the requirements of the 
National Physical Laboratory, Keetons 
had to produce fine finished bores from 
solid stainless steel bars, with flanges 
welded into the ends, in lengths varying 
from | ft 6 in. to 7 ft 6 in. 

After rough boring straight from the 
solid to 1% in. diameter, a rough turning 
operation, off the bore, removed any 
eccentricity of the bore. Finish boring 
brought the holes to within 0-005 in. of 
finished size, and the bars were then 
finish turned on the outside diameters. 
The bores were finally honed to 2 in. 

000+-0-003 in., and the _ outside 
diameters ground to required limits. 

Finish boring and honing are relatively 
new operations to Keeton, Sons & Co. 
Ltd., but this is the type of close tolerance, 
high standard work for which they have 
developed their own techniques. 


1.C.T. Spares: Twenty-four Hour 
Service 

A NEW service to ensure the rapid supply 
of spares ordered by users is now 
operating at the Spares Branch at No. 5/3 
Works, Croydon, of L.C.T. Ltd. An 
important feature of the service is that it 
accepts orders outside normal working 
hours—at nights, at week-ends and on 
Bank Holidays. At these times incoming 
telephone calls are answered automatically 
and the messages are taken by Ansa- 
phone equipment for early action. The 
equipment generally responds to the 
fourth or fifth double ring, when the 
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caller hears a recorded voice saying, 
“Croydon 9658. I.C.T. Field Engineering 
Service. This telephone-answering equip- 
ment will record your name and message 
automatically. Please speak clearly. 
Speak now.” 

In addition, special arrangements made 
with the G.P.O. and the Cable Companies 
secure the routing of telegrams and 
cablegrams requesting spares. They 
should be addressed to “I.C.T. Croydon 
9658" 


Laboratory Blender Uses Rigidex 

THE 800 cm* Ato-Mix electric laboratory 
blender being manufactured by Measuring 
& Scientific Equipment Limited is now 
equipped with a sealing cover assembly 
incorporating a lid moulded in Rigidex 
high density polyethylene supplied by 
British Resin Products Limited. 

The blender is employed for the prepara- 
tion of suspensions and emulsions and the 
use of the sealing cover enables toxic, 
corrosive or bacteriologically dangerous 
fluids to be handled safely without the risk 
of leaking. At the same time the use of the 
resilient Rigidex lid assembly enables a 
tight seal to be made even when the blender 
is fitted with a glass container. The cover 
is completely resistant to corrosion and 
staining. The Ato-Mix is available for 
200/250 a.c./d.c. or 110/120 a.c./d.c. 
supply. It has two speeds: 6,000 r.p.m. 
and 12,000 r.p.m. An 800 cm* model is 
supplied for general laboratory use and a 
100 cm*® model (utilising the same motor 
assembly) for smaller volumes and semi- 
micro work. 


Ekco Nucleonic Gauge Sales Tour 
FOLLOWING the success of last year’s 
sales promotion tour in Scandinavia, 
Holland and Belgium, the Ekco Elec- 
tronics mobile demonstration unit is now 
touring Southern Europe. 

Starting at Bilbao (lst September), the 
tour embraces Spain, France and Italy, 
and Ekco nucleonic gauging equipment 
will be demonstrated to industrialists in 
many large towns on the route. Oppor- 
tunity is also to be taken to supervise the 
installation of Ekco gauges, already 
delivered, in Bilbao and Barcelona. 

The demonstration unit is expected to 
end its tour in mid-October when an 
exhibition will be staged in Brussels by 
Physique Industrielle, distributors for 
Ekco Electronics in Belgium. 


Ammonia Maser Frequency Standard 
A BRITISH molecular clock has recently 
been installed in the Melbourne Post Office 
Research Laboratories, Australia—the 
development of a portable version of this 
clock has been undertaken by Glass 
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Developments Ltd., in conjunction with 
the Ministry of Supply. 

In the ammonia maser, microwave 
oscillations of very high frequency stability 
are generated, by the use of a beam of 
molecules. This is achieved by first 
allowing ammonia gas to effuse out of a 
nozzle into a chamber maintained at a 
very low pressure. The molecular beam 
formed in this way then passes through 
an electrostatic field and molecules in an 
excited energy state are separated out. 
The molecules selected in this way then 
pass into a microwave cavity, where they 
are stimulated to release their energy. If 
sufficient power is emitted from the mole- 
cules the cavity, which is tuned to their 
resonant frequency, can be made to 
oscillate. The frequency of this oscillation 
is so constant at 23,870,129 Mc/s, that a 
clock based on it will not lose or gain a 
second in 100 years. Such a standard of 
time is sufficiently accurate to measure 
fluctuations in the earth’s rate of rotation. 

The development of a miniature instru- 
ment will prove to be particularly valu- 
able in navigational aids for ships and air- 
craft. Application to the measurement of 
speeds and positions of rockets and 
satellites is also of major importance. 
Further, a more accurate frequency 
standard will be of great use in over- 
coming interference in very short wave 
radio communications. 


The Wildy Laboratory 

THE WiL_py LABORATORY was opened 
recently at the Leyton Works of the 
Lewcos Group by Mrs. E. L. Wildy, wife 
of the company’s chairman and managing 
director. 

The building makes available a further 
12,000 sq. ft of working space for the 
development of wire coverings and wire 
covering plant. 

The London Electric Wire Company 
was formed in 1879 and _ incorporated 
Fredk. Smith Ltd. in 1909. It is therefore 
as old as the industry itself. With a 
capacity for over 300 tons of enamelled 
wire per week, the Leyton factory pro- 
duces enough wire to encircle the earth 
each day. 

The top floor of the new laboratory 
houses Mr. J. R. Cox, technical director 
Research testing laboratory of the Wildy 
Laboratory 
A. Abrasion testing machine 
B. Resilience testing machine for enamel 

coated wires 
C. Accelerated ageing ovens 
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of the group, Mr. A. J. Taylor, chief 
technical engineer, and the chemical and 
electrical research laboratories. 

The chemical laboratory is equipped for 
the formulation of enamels and varnishes 
in glass or stainless steel ware. It has for 
many years been the policy of the company 
to manufacture the enamels used in the 
production of enamelled wire, and in 
addition to original and development 
work, the laboratory is responsible for the 
tailoring of current enamels to suit the 
operating characteristics of production 
and experimental machines. This policy 
results in the closest possible control over 
production quality. The electrical re- 
search laboratory is concerned with the 
development of test methods and evalua- 
tion procedures which will ensure that 
current and newly developed coverings 
will meet the changing requirements of 
the electrical industry. 

There is a continuous search for enamels 
which will withstand higher and higher 
temperatures, and yet retain their bending 
and insulating characteristics, the main 
applications of these high temperature 
resistant enamel coated wires being the 
aircraft industry, rockets, etc. Work is 
also being undertaken to investigate the 
effects of irradiation on varnishes and 
enamels. 

The first floor contains a drawing office 
and another laboratory which deals with 
the evaluation of coverings now in the 
development stage. The drawing office 
is engaged in the design and development 
of alltypes of wire covering and enamelling 
plant. 

On the ground floor is a laboratory for 
the building and pilot operation of novel 
enamelling machines and other wire 
covering plant and areas required for 
special work are partitioned off under con- 
trolled conditions. 

The building was designed for the 
specific purpose of integrating the design 
and development of plant, products, and 
test methods. It is essentially a research 
laboratory, with no responsibilities for 
routine testing and evaluations. There 
are other laboratories at Leyton where, 
under technical control, quality and pro- 
cesses are continually watched. 


New Spire Fastenings for the Radio and 
Electronics Industries 


SPEED of assembly in the radio industry, 
where many hundreds of small parts often 
go to make up a complete unit, is prebably 
more important than in any oth: Spire 
Speed fastenings have found a numver of 
new and important applications in the 
industry in the last year, particularly in 
the field of printed circuits. 

One of the most interesting and impor- 
tant developments is the adaptation of a 
Spire Speed nut (S.N.O. 2567) for con- 
necting main leads to printed circuits. 
The nut is securely held over the fixing 
hole and is clipped to the edge of the panel. 
The nut gives an excellent and vibration- 
proof lock for a spade terminal, and the 
spade cannot rotate when the screw is 
tightened as the sides of the nuts are 
raised. 

Another application is the adaptation 
of a stand-off tag (S.C.0.2755) for attach- 
ing flying leads to printed circuits. The 
tag is easily fitted into a ¥ in. diameter 
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hole, where it is maintained in a vertical 
position by a pair of spring steel legs, 
which bite into the sides of the hole. The 
tag can then be easily soldered to the 
printed circuit with the other components. 

Part No. S.C.0.2446 has been found to 
provide an ideal method of mounting coil 
screening cans on to printed circuit 
panels. The spring steel barbs of 
$.C.0.2446 have the dual advantage that 
they provide a positive earth contact and, 
as they need only to be clipped on to the 
sides of the can, they retain a firm grip 
If inspection is necessary after assembly, 
the can may be removed many times 
without the spring steel losing its holding 
power. S.C.0.2446 has a hot tin dipped 
finish so that it gives a trouble-free joint 
to the copper foil. 


1.C.T. Exhibitions 

I.C.T.’s_ exhibition plans include the 
Salon International du Commerce et de 
l’Organisation de Bureau in Paris, and the 
Business Efficiency Exhibitions at Belfast 
and Cape Town next month, and, early 
next year, the Milan and Leipzig Fairs, the 
Office Equipment Exhibition at Amster- 
dam, the German Industries Fair at 
Hanover, the Production Exhibition at 
Olympia, London, and the Business 
Efficiency Exhibition at Birmingham. The 
range of these exhibitions reflects the 
world-wide operation of I.C.T., and the 
company will present its products, from 
simple punched-card machines to com- 
puters, in a manner which emphasises 
their great practical advantages to busi- 
ness and government. 


Industrial Uses of Electricity 


“It is no exaggeration to state that the 
future prosperity of the United Kingdom 
will depend as much as anything on the 
rapid increase in the use of electrical 
methods and techniques in industry.” 
This was said at the Clarendon Laboratory 
by Mr. L. Landon Goodman, B.Sc., 
A.R.T.C.S., A.M.I.Mech.E., A.M.LE.E., 
A.M.I.Prod.E., F.R.S.A., of the Electrical 
Development Association, when  ad- 
dressing the Sixth Annual Refresher 
Course for works and plant engineers 
organised by the National Industrial Fuel 
Efficitncy Service. 

Mr. Landon Goodman said that the 
earliest and original use of electricity, for 
lighting, was still one of the most 
important, and the part played by high 
levels of illumination in raising pro- 
ductivity in all types of commercial and 
industrial establishments should not be 
overlooked. There was a_ continual 
increase in the number of new electrical 
methods which could bring large increases 
in output. The scope for management in 
this direction was indeed tremendous. 

His address highlighted some of these 
new electrical developments. The electric 
motor had done much not only to lift but 
to change the face of industry and in 
describing applications of many types of 
variable-speed drives emphasis was placed 
on the important part they played in the 
field of automatic control and automation. 
Numerical control of machine tools and 
assembly machines was developing but 
Mr. Goodman wondered if progress in this 
direction was proceeding fast enough, 4 
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feeling which he also expressed when he 
dealt with fully automatic control. 

One of the most important conditions 
for the introduction of automatic working 
was a change of design of the product. 
He illustrated this point by a description 
of a new approach to electric motor design 
which used a printed circuit disc as an 
armature, thus eliminating coil winding 
and subsequent operations. This design, 
easily produced automatically, had a 
number of other advantages, for example, 
small units could be designed to make up 
to fifty starts and stops per second. 

On the subject of back pressure and 
other types of private electricity genera- 
tion as opposed to the public authority 
supply it was pointed out that it was 
impossible to generalise. However, the 
first consideration of a factory manager 
was to obtain the highest return on 
capital, which if locked up in private 
generating capacity could be _ poorly 
remunerative. In any factory the electri- 
cal load must grow year by year and 
therefore a private generating plant of the 
right size for today would be inadequate 
for tomorrow. Private generation had 
often done much to restrict production; 
there were a few instances when back- 
pressure generation was economic, but 
even in those cases industrial managers 
were well advised to have also a supply of 
electricity from the public authority to 
ensure against possible restrictions on 
placing ‘‘electrical slaves around the 
plant’ and on the introduction of new 
methods. 

Electricity generation was now a 
specialist function. Modern large power 
stations could be looked upon as automatic 
factories burning coal of low grade and 
producing electricity and this necessitated 
the employment of those with specialised 
technological knowledge and experience. 
If a factory or works was not confined to 
producing its own _ specialities, over- 
diversification of products and activities 
resulted in a stretching of management 
over more functions than it could effi- 
ciently control, resulting in a lowering of 
the standard of supervision with all that 
that entailed. 

Progress was teing made in mechanising 
the non-destructive methods of inspection 
and testing. In the paper-making in- 
dustry the beta-gauge weight measure- 
ment control using radioisotopes was 
assuring a uniform product and in some 
cases had allowed the paper-machine out- 
put to be doubled. Mr. Landon Goodman 
reminded his audience that the place to 
carry out inspection and testing techniques 
was in the manufacturing process itself, 
so that the results of the inspection could 
control the process. While this was not 
always possible, he said it should remain 
a worthy objective. 

Adequate factory wiring was a ‘‘must”’ 
in 1959. Layout of plant should not be 
Static; new electrical processes and equip- 
ment were being introduced regularly, 
thus requiring a flexible and increasing 
power network. When a plant wiring or 
rewiring scheme was under consideration 
It was most advantageous to make sure 
that it had ample capacity. It would be 
found that a scheme of double capacity 
would cost little more than one meeting 
only present-day demands. 
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Atlas Computer 

ATLAS, a large capacity high-speed fully 
transistorised digital computer, will be of 
the order of a hundred times faster than 
Mercury, currently Europe's fastest 
electronic computer. 

Computer engineers of Manchester 
University and Ferranti Ltd. are now 
engaged in constructing the first machine 
which will be installed at Manchester 
University. It will be working around the 
turn of the year 1961/62 and will be the 
prototype for the Ferranti Atlas production 
models which will cost about {1m each. 

It is stated that the simple operation of 
adding a number into the accumulator 
register, an integral part of many instruc- 
tions, will be completed by the computer 
in 0-2 microseconds and more complicated 
functions of the computer will be corres- 
pondingly faster than current machines. 
A special feature of Atlas will be its ability 
to switch to another programme if the 
main programme is held up for any 
reason. The computer will therefore be in 
continuous use to deal with jobs which 
originate with little or no advance notice. 


“Pure and Applied Chemistry” 


THE International Union of Pure and 
Applied Chemistry has decided to publish 
an official journal ‘“‘Pure and Applied 
Chemistry”’. 

The journal will appear at irregular 
intervals as material is available. It will 
be published in parts; four parts to a 
volume, each volume containing about 
600 pages. The subscription will be 
approximately £5 5s. per volume. 

The journal will contain the lectures or 
papers read at symposia organised or 
sponsored by IUPAC, reports of IUPAC 
Commissions, Divisions and Committees, 
and other material which the IUPAC 
Authorities may decide to include. 

“Pure and Applied Chemistry’’ will be 
published by the official publishers to the 
Union, Butterworths Scientific Publica- 
tions, 4-5 Bell Yard, London, W.C.2, 
England, to whom all enquiries concerning 
final price and conditions of sale should be 
addressed. 


“Beta” 

Tuis is the title of a new news sheet which 
has recently been introduced to serve the 
interests of users of precision bearings. 
It is intended to publish it three or four 
times a year. Quality Bearings Ltd., the 
publishers of Beta, are the sole distribu- 
tors in Great Britain of Barden Products. 


Formation of Hagan Controls Limited 


A NEW Anglo-American venture to design 
and manufacture automatic control 
systems for industry, Hagan Controls 
Limited, has been initiated by The Plessey 
Company Limited, of Ilford, and Hagan 
Chemicals and Controls Incorporated, of 
Pittsburgh, Pennsylvania. 

The Plessey Company Limited hold 
90 per cent of the shares in the new 
company which is to begin operations at 
Ilford immediately. 

Hagan Controls Limited will have the 
manufacturing and selling rights for the 
entire range of Hagan automatic control 
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equipment for the maintenance of physical 
conditions within given tolerances, and 
Kybernetes data processing equipment in 
Great Britain and the Commonwealth 
except Canada. 

Directors of Hagan Controls Limited 
are: Mr. A. G. Clark (chairman), and 
Messrs. M. W. Clark, E. J. Earnshaw, 
C. D. H. Webb, Dr. Denis Taylor, W. W. 
Hopwood (U.S.A.), M. J. Boho (U.S.A.), 
and C. W. Sengstaken (U.S.A.). 


Firth Cleveland Re-organise United 
States Representation 

A NEW company to represent the Firth 
Cleveland Group in the United States has 
been formed in New York. Known as 
Firth Cleveland Incorporated, the com- 
pany has offices at Lincoln Building, 60 
East 42nd Street, New York. The director 
and vice-president is Mr. J. A. Hayward, 
the son of Mr. C. W. Hayward, chairman 
and managing director of Firth Cleveland 
Ltd. Mr. G. R. Bentley is treasurer and 
secretary. 

A second new company has been formed 
as a subsidiary of Firth Cleveland Inc. 
It is Surform Incorporated which will be 
responsible in the U.S.A. for distribution 
of Surform and Surcut hand tools. 

Before the present re-organisation, the 
only Firth Cleveland Companies in the 
U.S.A. were Stenor Incorporated and 
Simmonds Stop Nut Corporation of New 
Jersey. These have now been taken over 
by Firth Cleveland Inc. 


B.T.L. “Analmatic” 
Exhibition 

In Sweden.—On the occasion of the Tenth 
Conference of Scandinavian Chemists, 
which took place in Stockholm from 17th- 
22nd August, 1959, an exhibition of 
instruments and apparatus was held at 
which Baird & Tatlock (London) Ltd., in 
collaboration with their Scandinavian 
Agents, Instrumentfirma Labora, showed 
a selection from their ranges of ‘‘Analma- 
tic’’ automatic laboratory instruments 
and equipment for chromatography and 
electrophoresis. The apparatus was 
demonstrated by Mr. E. G. Thompson, 
the technical sales manager of Baird 
& Tatlock (London) Ltd. 


Equipment on 


New Address 


DRALLIM INDUSTRIES: 
Station Works, 
Westhall Road, 
Upper Warlingham, 
Surrey. 


Measurement and Control Engineering 
Lectures 


A SERIES of lectures and demonstrations 
on measurement and control engineering 
will be held during the Session 1959-60 at 
the Northampton College of Advanced 
Technology. The titles of the courses are: 
Process plant instrumentation; Trans- 
mission and display of process informa- 
tion; Introduction to the theory of auto- 
matic process control; Frequency response 
analysis and system design for automatic 
process control; The automatic measure- 
ment of quality in process plant. 

Further details may be obtained from 
The Secretary, Northampton College, 
St. John St., London, E.C.1. 
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digital display unit 


Here is the latest in projection type read- 
outs featuring one plane presentation. 
All figures, characters or letters appear on 
the front surface of the unit and are uni- 
form in size and intensity. In addition to 
being easier to read the information may 
be quickly seen from a very wide angle of 
viewing. Designed as a single unit the 
In-Line Display may be assembled in any 
desired grouping presenting a continuous 
surface for fast and easy reading. 
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Corrosion Exhibition 

THE biggest step yet in the history of the 
Corrosion Exhibition will be taken in 1960. 
From the Royal Horticultural Halls the 
Exhibition is being promoted to Olympia. 
The whole of the Empire Hall has been 
booked which means that the 1960 
Corrosion Exhibition will be almost twice 
as big as the 1959 show, making the 
Exhibition the largest of its kind in the 
world. Stands will be mcre spacious and 
there will be more and better facilities 
for both exhibitors and visitors. 

Already a substantial number of stand 
bookings have been received, indicating 
the popularity of the well-known Corro- 
sion Exhibition shell scheme, which 
enables exhibitors to participate at very 
attractive rates. 

The 1960 Corrosion Exhibition will be 
open at Olympia from Tuesday, 29th 
November, to Friday, 2nd December. New 
and improved anti-corrosion materials and 
methods will be on display, together with 
the established weapons used in the cease- 
less war on corrosion—a war on which 
British industry spends {£600 million a 
year. 

The Corrosion Exhibition is an enter- 
prise of Corrosion Technology, the Leonard 
Hill journal of corrosion control, preven- 
tion, engineering and _ research. Full 


information on stands still available is 
obtainable from the organiser, Corrosion 


Exhibition, Leonard Hill House, Eden 
Street, London, N.W.1. Telephone 
EUSton 5911. Telegrams Lenardil, 
London. 


Computers for the Smaller Firm 


A ONE-DAY Conference, organised by the 
Central London Productivity Association, 
is to be held on Thursday, 22nd October, 
1959, at the Council Chambers FBI, 21 
Tothill Street, London, S.W.1. 

This conference is designed to introduce 
the smaller firm to the potentials offered 
by computers; to illustrate the use of the 
smaller computers; the progressive utilisa- 
tion of computers; service centres, joint 
ownership. Speakers from three leading 
computer manufacturers will be illu- 
strating their papers with slides and case 
histories. Two other speakers will give 
information on computer centres, and user 
experience. 

The conference fee will be 45s. Od. 
(members of the Association 35s. 0d.), and 
includes coffee, luncheon and tea. 

Programmes and tickets may be ob- 
tained from Mr. D. MacGlashan, Central 
London Productivity Association, c/o 
Stafford Allen & Sons Ltd., 20/42 Wharf 
Road, London, N.1. 





Process Control Transistor Computer 


The Ferranti Argus digital computer 
has been designed for the direct control 
of a variety of industrial processes. 
Examples of suitable applications for this 
computer include the direct control of 
power plants, steel rolling mills, nylon 
spinning, a variety of chemical processes 
and nuclear reactors, together with their 
associated equipment. All these applica- 
tions require many parallel input and 
output channels to the computer, com- 
bined with very high reliability. In view 
of the unusual operational requirements 
of an industrial environment the relia- 
bility and robustness of the computer 
are of extreme importance. It is for this 
reason that transistors and core stores 
are used, and a printed circuit unit con- 
struction is employed for ease of manu- 
facture and maintenance. No thermionic 
valves are used at all. 


Input and Output 

Input to the computer can be in the 
form of shaft rotations, voltages, pressures, 
temperatures and so on, which are con- 
verted to digital form for processing by 
the computer. Virtually any number of 
Input channels can be handled ; forexample, 
it is quite feasible to think in terms of 
several hundred inputs of four or five 
different types. Electronic switching 
between input channels will normally 
be used, but mechanical switching can 
also be used if required. The corres- 
ponding selection times will vary between 
microseconds and milliseconds. It should 
be noted that each input channel can be 
directly addressed, and as a consequence 
there is no delay as would occur in a 
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sequential scanning process. 

Output consists of digital signals to 
operate switches and also of analogue 
currents which can be used directly for 
control purposes. Virtually any number 
of parallel output channels of several 
different types may be provided, as in the 
case of input. 

In addition to the input and output 
of information in analogue form, numbers 
can be inserted manually by means of 
hand-set dials and switches for direct 
input to the computer. Output to an 
electric typewriter with a 20 in. carriage 
for data logging and other purposes is also 
available. 

It may be desirable under certain 
circumstances to have punched paper 
tape available as a form of input and out- 
put. Should this be so, there would be no 
difficulty in providing the facility. 


Programming Features 

An important feature of the design of 
Argus is the interrupt facility. In the 
computer there is a timer register which 
is reduced by unity every word time 
(18 microseconds). When the timer 
reaches zero the programme is interrupted, 
after completing the present instruction, 
and a special routine is entered. A link 
is stored to enable the original programme 
to be re-entered. This means that if a 
certain quantity has to be examined at 
fixed intervals, the timer is set to the 
appropriate value and the interrupt 
routine written to examine this quantity 
and return to the main programme. This 
is a valuable facility for a computer 
being used in real time process control, 
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and also permits “time-sharing” of the 
computer by more than one programme. 

It is possible to store several programmes 
in tray form in the computer, and the 
operator can select any of the programmes 
stored in this way as and when required. 
If a completely different programme is 
required, ready pegged trays can easily 
be slid into position. For some applica- 
tions it may be possible, and consequently 
more economic, to have extra trays pre- 
pegged in this way than to increase the 
programme capacity of the computer. 

A library of programmes can b@*stored 
on special perforated cards which slide 
into the programme trays. Thus the 
problem of pegging up any given pro- 
gramme becomes a very simple matter. 

In some forms of programme storage, 
particularly magnetic devices, it is pos- 
sible by the gain or loss of digits for an 
instruction to become altered and so 
wrongly interpreted by the computer. If 
this should happen while a control system 
is operating, the consequence might be 
serious. For this reason pegboard pro- 
gramming has been used with this com- 
puter, particular attention being paid to 
ensuring that pegs are not dislodged by 
vibration. 

During the running of a plant under 
computer control it may be necessary 
to examine a certain quantity at some stage 
in the programme. Rather than stopping 
each time such a quantity is required, a 
facility has been provided to examine the 
contents of certain parts of the store at a 
specified instruction in the programme, 
while the computer is still running. This 
is done by setting the number or address 
of the instruction on the handswitches, 
and when that instruction is obeyed the 
contents of all the accumulators and the 
instruction itself are displayed on indica- 
tors on the panel. These indicators will 
remain set until the next time that the 
specified instruction is obeyed. This 
monitoring facility is useful when the 
computer is being used for real time 
process control. 


Digital Control 

In designing this computer Ferranti 
Ltd. have envisaged the computer exer- 
cising complete control over the process 
concerned. This should not be confusefl 
with the simpler problem of a computer 
used merely for data reduction, providing 
results from which a human operator is 
left to decide which course of action to 
take. The computer will not only exer- 
cise control during the steady state of 
the process but also in the transient condi- 
tion. 

In continually striving to increase the 
operating efficiency of a plant, the asso- 
ciated problems become more complex. 
The capacity, accuracy, and flexibility of 
digital computers are therefore essential 
features of control systems of the imme- 
diate future. 

In searching for optimum efficiency of 
operation of a plant it is possible with the 
Argus computer to vary the control para- 
meters and the predetermined method of 
control. This is done by merely altering 
or replacing the pegboards in the com- 
puter and does not involve the addition 
of any extra equipment. 
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Mr. R.G. Camp 


Mr. R. S. Mediock 


Mr. R. S. Medlock, B.Sc., A.R.I.C., 
A.M.I.E.F., A.M.I.Mech.E., technical and 
home sales director of George Kent 
Limited, has been elected president of the 
Society of Instrument Technology. 

Previously vice-president and a past 
chairman of the Control Section, Mr. 
Medlock has long been an active member 
of the Society. 

His association with George Kent 
Limited began in 1935 when he joined the 
company as an electrochemist. He is 
keenly interested in the development of 
new industrial methods and equipment, 
particularly with regard to automatic 
control and analytical measurement. 

Mr. Medlock has travelled extensively 
in various capacities in connection with 
his work and only recently returned from 
a visit to Canada. Whilst there, he pre- 
sented a paper to the National Industrial 
Production Show and addressed the Van- 
couver Section of the Instrument Society 
of America. 


Mr. W. J. Wood 

Mr. W. J. Wood, who was chief assistant 
for the organisation of the Metropolitan- 
Vickers Works School, with responsibility 
for recruitment and selection of craft 
apprentices, died recently. 


Mr. G. E. Hart 

Chamberlain Industries Limited have 
appointed Mr. G. E. Hart as technical 
sales director of the company. 

Mr. Hart was primarily responsible for 
the development of the STAFFA range 
of tube and bar bending machines, and 
has served the company for close on 
twenty-five years. He introduced the 
two-stage action on the hand-operated 
hydraulic tube bending machine. 


Mr. G. J. Lyons 

Mr. G. J. Lyons has been appointed 
Secretary of The Institution of Plant 
Engineers in succession to Mr. R. F. 
Farmer who has resigned to take up an 
appointment with The Institute of Civil 
Engineers. 


Mr. H. G. Stern 

Mr. H. G. Stern, A.M.I.E.E., has been 
appointed a director of Londex Ltd. For 
the past six years Mr. Stern has been 
head of the Control Department. 
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PERSONALITIES 


Mr. R. G. Camp 


Square D Limited announce the appoint- 
ment of Mr. R. G. Camp as their sales 
manager. Mr. Camp operates from the 
company’s new headquarters located at 
Cheney Manor, Swindon. He joined the 
company when it was originally estab- 
lished in Great Britain as a subsidiary of 
Square D Company of America. The 
appointment follows his promotion earlier 
this year from area manager to head- 
quarters sales manager. 


C.J.B. Automatic Control Division 
Appointments 

The following appointments have been 
made: Mr. P. C. Wollen, Automatic Con- 
trol Division sales engineer, Northern 
England and Scotland; Mr. L. S. James, 
Automatic Control Division sales engineer, 
Southern England and Midlands; Mr. 
H. W. Griffiths, Automatic Control Divi- 
sion industrial sales engineer. 


Air Commodore Tait 

Air Commodore N. A. Tait, O.B.E., 
M.I.Mech.E., M.Inst.T., A.F.R.Ae.S., has 
joined the sales staff of Simmonds Aero- 
cessories Limited, a member of the Firth 
Cleveland Group, following his retirement 
from the Royal Air Force. 

Air Commodore Tait was, until his 
retirement, Director of Aircraft Engineer- 
ing at the Air Ministry. At Simmonds 
Aerocessories Limited he is responsible for 
technical liaison in regard to Hydrant 
dispenser vehicles and other equipment 
such as valves, water separator filters, 
flowmeters and tank gauges for handling 
aviation fuels for service and commercial 
aviation purposes. 

Air Commodore Tait is based at the 
Firth Cleveland Group Headquarters at 
Stornoway House, St. James’s, London, 
SW... 


Mr. F. T. Jackson 

The directors of Telephone Manufactur- 
ing Co. Ltd., announce the death of their 
chairman and managing director, Mr. 
Fred T. Jackson, O.B.E., Comp.I.E.E., on 
the 14th August, 1959. Mr. Fred T. Jack- 
son had been chairman of the Company 
since it was founded in 1915. 


Mr. E. W. Tinsley 

Walker, Crosweller, manufacturers of 
Arkon industrial instruments, announce 
that their representative in the Midlands, 
Mr. W. W. Nicholas, has left them to take 
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Mr. E. W. Tinsley 


up a teaching appointment at Birmingham 
Technical College. 

He will be succeeded at Walker Cros- 
weller by Mr. E. W. Tinsley, who comes 
from Radiation Ltd. where he was con- 
cerned with appliance development. 


Technograph Sales Division 
Technograph Electronic Products Ltd. 
announce the following changes in their 
Sales Division. 
Mr. L. C. Smith, technical sales repre- 


sentative of the company, has_ been 
appointed sales manager. 
Newly appointed as technical sales 


representative is Mr. P. Bartlett, B.Sc., 
Grad.I.E.E. He will be responsible for 
the company’s Technical Sales Division 
in the computer, guided weapons and 
airborne equipment fields. 


British Standard for Ferrous and 
Non-ferrous Bourdon Tubing 
(B.S. 3127 : 1959) 


This new publication deals with ferrous 
and non-ferrous tubing supplied in straight 
lengths, in a suitable condition for the 
fabrication of the pressure-responsive 
components of gauges and instruments 
operating on the Bourdon principle. Re- 
quirements are specified for the following 
tubing materials: 

Non-ferrous 
Beryllium copper 
Brass 
Nickel-copper- 
aluminium alloy 
Phosphor bronze 





Ferrous 

Carbon steel 

Chromium-molybdenum 
alloy steel 

( Iron base, nickel, chromium, 

titanium (precipitation 

hardening) alloy 

Stainless steel 

Detailed chemical compositions are 
provided in respect of each of the above 
materials. 

One section of the 24-page publication 
is devoted to requirements for a series of 
standard sections of ‘“oval’’ tubing 
(together with appropriate tolerances). 
Requirements for sections other than these 
are required to be the subject of agree- 
ment between purchaser and manu- 
facturer. 

The Standard’s three appendices deal 
separately with: ‘“‘Mercurous nitrate test 
on brass tubing’, ‘Mechanical properties 
of cold drawn Bourdon tubing’’, and with 
“Guidance on microstructure’. 

Copies of this Standard may be obtained 
from the British Standards Institution, 
Sales Branch, 2 Park Street, London, W.1. 
(Price 6s. Od.) (Postage will be charged 
extra to non-subscribers.) 
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Circle 57 for further information 


EKCO RATEMETER TYPE N624 
The EKCO Type N624 Ratemeter is a precision counting 
ratemeter for use with all forms of radiation counters. It 
incorporates a stabilised high voltage supply suitable for 
G.M. tubes or scintillation counters, a high gain input 
amplifier, and a pulse height discriminator. With the addition 
of a suitable counter it forms a complete counting equipment. 
It consists of three plug-in units and the single meter can be 
switched, by means of push buttons, to indicate discriminator 
bias, count rate or high voltage. 













Ss P E Cc 2 FI CA TI ON MEAN PROBABLE ERROR CONTROL 
Automatically adjusted integrating time con- 
stants are arranged to provide a range of mean 







INPUT SENSITIVITY probable errors in five steps from1% to 10%. 
5 mV to 2 V negative-going. 5 V to 100 V RECORDER 
positive-going. 






Any standard recorder may be driven. 














AMPLITUDE DISCRIMINATOR MAINS INPUT 
a beng tyme a hd variable over two wom v and 980-600 V, 50/60 c/s. Consump- 
RATEMETER & RANGES PANEL SIZE 
From 3 c.p.s. to 100,000 c.p.s. in multiples of 19 in. x 10} in. x 14 in. (48 cm. x 27 cm. x 36. cm.) 
3 and 10. deep. 
RESOLUTION WEIGHT 
3u secs. 70 Ib. (31.7 kg.). 









Sales, Installation and Service: 
EL EC TR ONICS EXCO ELECTRONICS LTD - SOUTHEND-ON-SEA + ESSEX 
Telephone: Southend 49491 


New worlds to conquer ? 





Multiple contact 
relay type SMF 
Contacts up to 3 
pole DT Rating 
2A 250v AC 


Mercury switch 
relay type SMQ 
Contacts up to 
SPDT Rating 
10A 250v AC 





This rack of relays shown left occupies o 
length of only 9 inches 




















fit [LONDEX] S™ 
WG 


save up to 50%, in cost and space 


Write now for your free copy of our new leaflet 


miniature relays 





Enclosed plug-in 
relay LOK 

2 models available 
DPDT or 4 pole DT 
Rating 2A 250v CAC 


Micro-switch 
relay type SMM 
Snap action 
SPDT Rating 
ISA 250v AC 





Anerley Works, London, S.E.20 Telephone: Sydenham 311! 














Circle 58 for further intormation 
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MANUFACTURERS’ 


Valves 

S.T.C’s latest broadsheet gives abridged 
data on valves for use in electronic and 
industrial equipment and telecommuni- 
cations. 

Circle 27 for further details. 


Nylaflow Pressure Hose and Tubing 

This hose is available in two burst 
pressure ratings of 5,000 and 8,000 p.s.i. 
and consists of specially formulated 
polyamide (Nylon) inner tube, reinforced 
with high tensile strength yarn It has 
applications as hydraulic and pneumatic 
lines, fuel and oil lines, high pressure 
lubrication lines, high, pressure CO, lines 
etc. _ 

Circle 28 for further details. 


Radar Simulation Systems 

The use of these systems for training 
operators and controllers is described 
briefly and a short technical summary is 
given. 

Circle 29 for further details. 


Direct Coupled Amplifier 

Type AA 621.2 is a high-gain d.c. 
amplifier with an economy cathode 
follower output stage and auxiliary drift 
correction amplifier employing an Ericsson 
polarised synchronous chopper relay. It 
can be used for summing, sign reversing 
or integration in an analogue computer 
or simulator. 

Circle 30 for further details. 


Pressure Transducers 

Data sheet NT.4-980 gives details of 
a vibrating cylinder absolute 
transducer. 

Data sheet NT.4-313 gives details of 
a general purpose pressure transducer 
for the medium to high pressure ranges. 

Circle 31 for further details. 


Power Switch 

The ELectro-O-VANE control unit 
can be used for switching electric loads 
of up to 6 amp, for providing an actuating 
torque of 2 g in. or less, etc. It consists 
of a metal vane, pair of oscillator coils, 
related electronic circuit and power relay. 
Specification sheet S 800-1 gives details 
of applications and operation. 

Circle 32 for further details. 


Thermocouples and Compensating 
Cables 

Data and prices of thermocouples and 
compensating cables are given in informa- 
tion sheet No. 31. 

Details and prices of two new types of 
thermocouple jointing heads manu- 
factured in the form of a die-cast terminal 
tox pattern having a dust type hinged 
lid capable of being swung through an 
angle of at least 120°, are.given in supple- 
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mentary information sheet No. 31. 
Circle 33 for further details. 


Minican Temperature Recorder 

This instrument has particular applica- 
tion in the canning and brewing industries 
where the bulb may be sealed in a tin or 
bottle and the complete instrument 
passed along a conveyor belt providing 
a continuous record of the process tem- 
perature. Dataare givenin News No. P15. 

Circle 34 for further details. 


Magnetic Separators 
Equipment for the removal of metal 


from raw materials is described. 
Circle 35 for further details. 


Submersible Pumps 

Details are given of two models for 
triple purpose operation, mixing, pump- 
ing and circulating. 

Circle 36 for further details. 


Hall Effect Devices 

A 26 page booklet gives details of the 
theory of Hall effect devices and pro- 
visional specifications and diagrams of a 
range of field probes, and Hall multipliers, 
modulators and generators. 

Circle 37 for further details. 


Photoelectric Components 


Data, on germanium photoemissive 
diodes and silicon photovoltaic cells are 
given. 


Circle 38 for further details. 


Stroboscopes 
Short descriptions are given in a leaflet 


‘on industrial and laboratory stroboscopes 


and their operation and maintenance. 
Circle 39 for further details. 


High Vacuum Equipment 

The broadsheet gives brief descriptions 
of the company’s new range of equipment. 
This includes high vacuum rotary piston 
pumps, demountable couplings, fraction- 
ating oil diffusion pumps, valves and 
gauges. 

Circle 40 for further details. 


Photoelectric and Electronic Controls 

Relays, counting and batching equip- 
ment, alarms, level controllers flame 
failure detection, smoke density indica- 
tion and resistance welding controls all 
operating on the photoelectric principie 
are described briefly. 

Circle 41 for further details. 


Battery Chargers and Testers 
List GC.259 contains full details of 
battery charging and battery testing 
equipment. List GC.159 descrikes the 
Mini-Test range of portable testers. 
Circle 42 for further details. 
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Eye Movement Recording System 
_ Specification of this system is given 
in leaflet AS-1. 

Circle 43 for further details. 


Voltage Regulators and Stabilisers 


New additions to this range are des- 
cribed in a supplement to catalogue 
S-591. 

Circle 44 for further details. 


Transformers 


A new series of ‘“‘Variac’’ transformers 
are described and a price list given of 
the range. 

Circle 45 for further details. 


Control Valves 


A range of automatic control valves 
for fuel oil and other fluids is covered in 
data sheet LO issue 3. 

Circle 46 for further details. 


Time Calibrator 


Time calibrator type CU3A generates 
a crystal-calibrated train of time marker 
pulses at a number of pre-set intervals. 
It is applicable for checking and adjusting 
time-base generators and for the accurate 
measurement of pulse lengths. 

Circle 47 for further details. 


Autocollimators 


A 24 page booklet gives details of three 
precision autocollimators with different 
measuring ranges—how to use them, and 
the accessories which may be used with 
them. 

Circle 48 for further details. 


Moisture Meters 
Moisture meters for a wide range of 


applications are listed. 
Circle 49 for further details. 


Tape Reader 

A general description is given in list 
DC.33 of the transistorised tape reader 
TR.5. 

Circle 50 for further details. 


pH Measurement 

,The firm’s pH measuring equipment and 
accessories which can be used with it are 
described in leaflet (E) E6 7-1. 

Circle 51 for further details. 


Carbon Vanes 


Specifications are given of carbon vanes 
for rotary air or gas compressors and 
liquid pumps. 

Circle 52 for further details. 


Recorder-reproducer System 


A leaflet describes briefly a standard 
magnetic tape recorder-reproducer system 
which has been designed for industrial 
applications. 

Circle 53 for further details. 


Level Controls 

Details are given of a range of fluid 
level controls for use with liquids having @ 
specific resistance up to 20 Ma/cm’. 
Probe fittings for use with these control 
units are also described. 

Circle 54 for further details. 
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Cir-'e 59 for further information 





manometers... 


om 













Pressure, Vacuum 
and Differential 


THERMOMETERS 


Mercury in Steel 


Single or Double Vapour Pressure 


Column Bimetallic 
‘U’ Tube Dial Indicating 
Direct Mounting and 
Water, Oil or Distance Reading 


Mercury Fillings 


Brass, Steel or Stain- 


| Fitti 
less Steel Fittings in Ten @ 


Laboratory 
Thermometers 
and Hydrometers 


Ranges 0/3” to 0/100” 


Special Ranges and 
Fillings to Order 


Bench Mounting 
Manometer 


2 G.H.ZEALiD. Z 


eece tance mane 


LOMBARD ROAD, MORDEN ROAD, LONDON, S.W.19 


Phone: LIBERTY 2283-4-5-6 Grams: ZEALDOM, SOUPHONE LONDON 














DIALS 


for all types of . . . 


INSTRUMENTS 


Accuracy and Quality Assured 


A.H. BEDFORD & SON 


412 BRISTOL ROAD, BIRMINGHAM, 5 


Telephone SELly Oak 0539 


Works at 
TENBURY WELLS, Worcs. 


Anything printed on METAL 
or PLASTIC Materials 


"5002 to SMQ 
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MARCONI 


VALVE 


VOLTMETERS 


for use in laboratories 
production lines and 
teaching establishments 


Marconi Instruments, internationally 
renowned in the field of electronic 
measuremeiit, present two of the latest 
models in their range of voltmeters 








TYPE TF 1300 


MEASURES A.C.: TF 1300—accurate, reliable, low-priced — has 
50 mV to 100V five a.c. measurement ranges, five d.c. ranges,. 
20 c/s to 300 Mc/s and two ohms ranges. Zero stability is of a high 
MEASURES D.c.: order, and both a.c. and d.c. inputs are isolated 
100 mV to 300V_ from the chassis. A skilful combination of per- 
MEASURES OHMS: formance and economy, the TF 1300 offers the 
highest value of any voltmeter in its class today. 


TYPE TF 1041B 


MEASURES A.C. : 

25 mV to 300 V, 20 c/s to 1500 Mc/s 
MEASURES D.c. : 10 mV to 1000 V 

MEASURES OHMS : 0.02 2 to 500 MQ 


Exceptional performance and versatility 
make the TF 1041B a leader among top- 
grade precision valve voltmeters. For 
a.c. Measurement its input capacitance 
is only 1.5 pyF and input resistance is 
0.5 MQ at 10 Mc/s. For d.c. measure- 
ment the meter can be switched to give 
forward deflection for positive or nega- 
tive voltages, or to allow centre-zero measurements. Optional accessories 
include multipliers for up to 20 kV d.c. and 2 kV a.c., a T-connector for 
voltage measurements on coaxial lines, and a wide-band coaxial dummy 
load. Send for leaflets AM146 


» 











, a 
“4 ELECTRONIC MEASURING 
EQUIPMENT, pH and 


MARCONI MOISTURE METERS, 
INDUSTRIAL X-RAY 
INSTRUMENTS APPARATUS, 
NUCLEAR POWER 
INSTRUMENTATION 











Please address enquiries to 
Marconi Instruments Ltd. at your nearest office: 
London and the South : Marconi House, Strand, London, W.C.2. 
Telephone : COVent Garden 1234 
Midlands : Marconi House, 24 The Parade, Leamington Spa. Telephone : 1408 
North : 23/25 Station Square, Harrogate. Telephone : 67455 
Export Department : Marconi Instruments Ltd., St. Albans, Herts. 


Telephone : St. Albans 56161 
TC 146 








Circle 61 for further information 








Circle 62 for further information 


COMBENSATING AMPLIFIERS 
BY STERNS! 


The output current of the Compensating Amplifier is directly proportional to the input 
signal (d.c. current or voltage). 


Amplifiers are used for the following applications: 
Wattless amplification of small d.c. voltages and currents of the type appearing in 





the output circuit of chemical and physical active or inactive transmitters. oo 

Tele-transmission of measured values which can be represented as d.c. voltages or enn 

currents (temperatures by means of thermocouples or resistance thermometers, mechanically Stiffne 

measured quantities by means cf resistance transmitters). This system is suitable for Damp 

transmission distances of up to 60 miles. arn 

Torqu 

Back | 

Constant-Current Source Coil i 

The Constant-Current Source supplies a constant direct current of 5 mA and serves for: TYPt 

Conversion of resistance values into d.c. voltages at the measuring of temperatures A nev 

by means of resistance thermometers operatirg in conjunction with a Compensating oottey 

Amplifier. pole | 

. . : . . . sopers 

Supplying the operating current of resistance transmitters in tele-transmission as bei 
systems. 


Electrical zero suppression in moving coil instruments. 


Supplying the operating current for bridge circuits to which moving coil instruments 
are connected. 


WRITE FOR LEAFLET EK3e 


Cc. T. STERN INSTRUMENTS c ting Amplifier EK3e ' 43 


OTHER INSTRUMENTS MANUFACTURED BY STERNS 

























































(GREAT BRITAIN) LTD. Strip Chart Recorders. ; 
Sn Pwemanne, of the Thermo-electric type, range 
2I DEVONSHIRE STREET, LONDON, W.! Edgowlee Temperature Indicators. Temp. On;Off Controllers 
ELECTRIC WA FIL a 
70}——|_| a i 
ATTENUAT OF 
FUNDAMENT, 
oo} + - se ta semi BE i — 
€ 50 Bees S oe ie 
8 so rama 
SCHAFFER Pin 2 Ee eS 
DIAPHRAGM 5 | 
Zz 20 Lt = 
GAUGES a 
” ae es ST ee 
FLAT FO |100 Kds_| 
°5 s70 23 570 23 50 
Pressure Gauges innon- = FREQUENCY cs 
ob ag cigge The curve illustrates typical 
jastic cases ‘or e ° " ° ° 
ee doe dak high pass filter characteristics 
aameneatanes % LC and RC filters based on modern theory, 
techniques and components 
* Low or high pass, band pass, or band stop 
BUDE NBERG GAUGE COMPANY LIMITED filters can Z —- to individual perfor- i 
BROADHEATH, NR. MANCHESTER eS Se 
apy 9 ae oe BARR & STROUD LTD. 
62 Robertson Street, Glasgow, C.2 : 
Registered Office and Works: London Office: 
Oa Kinnaird House 
dm.8.U.9. GLASG OW, W.3 | Pall Mall East, S.W.! 





Circle 63 for further information Circle 64 for further information 
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TOR (ne 
-{00E> QUE MOTORS : 


TYPICAL FEATURES AND PERFORMANCE DETAILS OF WODEN RANGE OF TORQUE MOTORS 




















TYPE MARK E.12 TYPE MARK E.16 This is a solventiess varnish im preg- 
Moment of inertia of relay armature 3°8 x 10°7 slug ft2 ued re One the -_ "pee 
3 4 ard coil resistance ohms 
Stiffness factor of relay armature 0-196 Ib.ft/radian Inductance of windings Not less than 10H at 750 ~ 
Damping factor of the relay | x 10-4 Ib.fe/ Insulation Not less — 20 megohms at 
armature rad/sec 500 volts 
Torque constant of the relay 1C-2 Ib.ft/amp Flash Test 1,000 volts 50 cycles between 
Back E.M.F. constant of the relay 14°3 voltsjrad/sec ya N ey ay —_ ors 
133 : 3 gular Movement jot less than 4° either side 
Coil impregnation Solventless varnish penne aw natural centre : 
flexion Current, jot more than 7 mA f. 
TYPE MARK E.13 . Full Torque Output gm/cms dia 
A new development which has an almost identical per- Deflexion + arty Not more than | mA for 4° 
formance to the Mark E.12, but is designed as a split Zero Torque Output movement 
pole piece assembly and a bobbin type coil which is a Dead Sector Not more than 10% of 


separately encapsulated assembly. This unit is offered Resonant Frequency Pe white 
as being climatically superior. TYPE MARK E.20 - 
This is a larger unit weighing 4 Ib. 3 oz. 
Ss “x 4" x 4” and giving the following figures:— 





TYPE MARK E.I4 pe | ——e Output HS mA max. for 96 oz/inch 
ngular Movement ° natural centre 
Constructionally as Mark Resistance 630 ohms per side 
E.12 but windings are on Inductance 700 MH (unmagnetized) 
a special type core and Coil impregnation Solventiess varnish 
this unit has a torque of Illustrated is the TYPE T.M.12 which can be used as 
27 inch/amps at 10 mA. an actuator/convertor between electronic servo or a ah seth 
magnetic amplifiers and hydraulic, pneumatic or direct rity: Bi 
mechanical linkages. Aas _ i 


MOXLEY ROAD 


WODEN TRANSFORMER CO.LT DJ sisronm - stares 


Phone. BILSTON 42681 











For highest efficiency from pneumatic instruments 


Norgren equipment gives you highest efficiency and reliability from pneumatic instruments. Air line Filters 
keep the air clean, dry and free from impurities. Pressure Regulators ensure a steady and correct working 


pressure for the instruments. The Norgren range covers all requirements —write or phone for full details. 














r 
FILTERS 
PRESSURE REGULATORS 
LUBRICATORS 

y 

- C. A. NORGREN LTD., SHIPSTON-ON-STOUR, WARWICKSHIRE Telephone : Shipston-on-Stour 110 & 106 

pr 
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ACCURATE RECORDS 


ON SPECIAL PAPERS FOR 
INK 


HEAT 
PRESSURE ano 
ELECTRICAL 
RECORDING METHODS 


are ASSUPE ey me use oF 









RECORDING CHARTS 


= 















RECORDER CHARTS LTD 


THE CHART DIVISION OF THE INSTRUMENT INDUSTRY. 






Clyde Vale, Dartmouth Road, London. S.E. 23. 
TEL. FOR. 7624/5. TELEGRAMS: VERIGRAPH, FOREST, LONDON 
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_ ASHLEY WORKS, ASHLEY ST., LONG LANE, 


THE 


E. &H. FILTER CO. LTD. 


Specialists in the production of all types of 


METAL GAUZE FILTERS 
to your own Specifications 





MAY WE ADD YOU TO OUR LIST OF CUSTOMERS 
which includes the following famous concerns: 
A.C. DELCO A.E.C. BRITISH OXYGEN 8B.S.A. CHRYSLER 


DAIMLER MAUDSLEY PARKINSON-COWAN 
PLESSEY RUBERY OWEN S.1.F. VILLIERS 


' * BLACKHEATH, BIRMINGHAM: 
Telephone: BLAckheath 1638 














- PRECISION MACHINED PARTS 
IN METALS 
‘PLASTICS 





















F. S. BOUGH & CO. LTD. 
| | HAWKES LANE, WEST BROMWICH 


Telephone WED 0318 











eR 














nt 
oa 


STEREOSCOPIC BINOCULARS 












The many applica- 
tions in industry and 
science for which this 
type of microscope fs 
suited are fully ex- 
plained in a booklet, 
post free on appli- 
cation. 


69-71 MORTIMER STREET, LUNDON, W.! 








—— 
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Two new ‘Kodak’ recording papers 


j 
| RP.12 for records in seconds 
| RP.35 for 50% more paper 


Recent improvements in the design of recording equipment have done much to 
speed the supply of vital information to research engineers. Keeping pace with 
these improvements, Kodak have introduced two new photographic materials 


that greatly increase the usefulness of recording instruments. They are: 


‘Kodak’ RP.35 High-Speed Thin-Base ‘Kodak’ RP.12 Print-Out Recording Paper, 


Reserng Pupes, which produces a visible image in a few seconds, 





which combines the excellent photographic charac- without processing. 

teristics of ‘Kodak’ RP.30 paper with a thinner base, 

allowing 50% more paper to be loaded into the Full details of these new recording 
recording instrument. materials will be sent on request. 


Kodak | Li M i T E D Dept. 206, Kodak House, Kingsway, London, W.C.2 


‘Kodak’ is a registered trade-mark 











dustriG! jewel bearings | 
nsirumer 


Fi FI LHOL.LTO 


Millers Road Wdy 





_ 
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CLASSIFIED 


ADVERTISEMENTS 


All advertisements must be PREPAID. 
tisements, 6d. per word, minimum of 10s. 
advertisements at tariff rates. 


Situations Wanted, 4d. per word. 
Semi-display advertisements. 4s. per line. 
Box Numbers count as four words. 


Minimum 6s. All other adver- 
Minimum £2 Display 


Replies forwarded Is. extra. Replies 


to Box Numbers must be addressed to Instrument Practice, 9 Gough Square, Fleet Street. London, E.C.4. 
The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think proper 
to do so. All possible care is taken to ensure accuracy in sett:ng up the advertisements, but should an error 





be made the Proprietors will not hold th Ives r 


SITUATIONS WANTED 


AVAILABLE, highly experienced Instru- 
ment Engineer. Has worked in responsible 
positions on installations, repairs, mainten- 
ance of all types of Instruments, as used in 
petroleum refineries, steel plants, etc. Box 719. 


OFFICIAL APPOINTMENTS 


RMY SCHOOL OF SIGNALS, Catterick, 

Yorks., require Male Senior Lecturers in 
(a) Physics with good mathematical back- 
ground (Ref. A.421/9A) and (b) Telecommuni- 
cations (Ref. D.457/9A). Age minimum 30 but 
less for exceptional qualifications. Ist or 2nd 
class honours in Mathematics or Physics for 
(a); Electrical Engineering or other relevant 
subject for (b), with experience of two of the 
following fields: Telecommunications, Elec- 
tronic Engineering, Computers and Electronic 
Data Transmission. Lecturing ability essential. 
Burnham Salary Scale £1,550-£1,750. Starting 
salary under Burnham Scale. Teachers’ 
Superannuation. Candidates required to take 
up duty as soon as possible but this may not 
debar those not available until 1960. Forms 
and details from M.L. & N.S., Technical and 
Scientific Register (K), 26 King Street, 
London, S.W.1, quoting appropriate reference. 
Closing date 20th November, 1959. 


FLECTRONIC ENGINEERS required for 
development, planning, manufacture or 
inspection of Guided Missile and other 
Electronic Equipment by Ministry of Supply 
at Blackburn, Lancs., London, and other 
locations. Excellent career prospects. Posts 
in Professional Engineer (Basic Grade). 
Starting salary, £780-£1,300 p.a. according 
to age and location. Opportunities for estab- 
lished appointments arise. Engineering 
apprenticeship or equivalent and corporate 
membership of Institution of Electrical 
Engineers, or exempting qualifications re- 
quired. Experience of modern electronic 
practice in communications or radar fields 
desired. Knowledge of guided weapons practice 
and servo-mechanisms an advantage. Forms 
from M.L. & N.S., Technical and Scientific 
Register (K), 26 King Street, London, S.W.1, 
quoting D.478/9A/LL. 


SITUATIONS VACANT 


BLECTRONIC DRAUGHTSMEN required 
by Scientific Instrument makers for the 
preparation of development and production 
drawings. Excellent opportunity for men with 
sound knowledge of electronic engineering. 
Apply in writing to C.15, Hilger & Watts 
Ltd., 98 St. Pancras Way, London, N.W.1. 


NSTRUMENT ENGINEER MECHANIC 

required by Lancashire Tar Distillers Ltd., 
for their Engineering Department. This will 
be a staff position with membership of pension 
scheme. Canteen available. Applicants 
should have a good experience of modern 
industrial instruments, including both electric 
and pneumatic types. Application in confi- 
dence to Chief Engineer, Lancashire Tar 
Distillers Ltd., Engineering Department, 
Liverpool Road, Cadishead, near Manchester. 


WANTED, Representatives for corres- 
pondence abroad, high earnings, written 


P 


in any way for same. 





THE ACCURATE RECORDING INSTRU- 
MENT COMPANY require the service 
of two fully experienced Sales Engineers for 
the Counties of: (a) Lincs., Notts., Leics., 
Derbyshire, Northants., Staffs., Warwicks., 
Worcs. and (b) Lancs., Yorks. and N.E. Coast. 
Applicants of not more than 45 years of age 
must live in the territory, be of good educa- 
tional standard, fully experienced in all modern 
instrument applications and accustomed to 
dealing with top level executives. The post 
carries an excellent salary, car allowance and 
expenses. Applications in detail, and marked 
“Personal”, to be addressed to the Sales 
Controller, The Accurate Recording Instru- 
ment Company, Windsor Avenue, Merton, 
London, S.W.19. 





THE RESEARCH & DEVELOPMENT EST. 
OF 


AERONAUTICAL & 
GENERAL INSTRUMENTS LTD., 


105/107 Lansdowne Road, Croydon 


REQUIRE 
a qualified or fully experienced Optical 
Designer for work on the design and 
applications of optical systems to 
instruments such as Sights, Photo- 
Electric Systems, etc. 


The applicant should ideally possess a 
degree in Physics and/or have a great 
deal of experience in this type of work. 


The position is a Senior Staff appoint- 
ment with a Pension Scheme (non- 
contributory) and an attractive salary 
for acceptable applicant. 


SERVICES AVAILABLE 


GEARS FOR INSTRUMENTS mass pro- 
duced to customers’ own requirements by 
specialists. THe DAVALL Gear Co. Ltp., Gear 
Works, High Street, Potters Bar, Middlesex. 
Telephone: Potters Bar 2382-3. 


RECISION ENGRAVING of Instrument 

Panels, Dials, Scales, Nameplates. Labels, 
etc., Plastic Components, “Perspex” fabrica- 
tions. Stockists of ‘Perspex’ acetate, 
Traffolyte, etc. Speedv deliveries on long or 
short runs. A.I.D. and A.R.B. approved. 
Leicester Engravers (Plastics) Ltd., 60 Edwyn 
Strect, Leicester. Telephone: Leicester 58375. 





‘Ucleera’ 
Cera 
Crystals 
Unbreakable glasses for watches, 
clocks and instruments. 
Manufacturer of any shape or style of 
plastic transparent cover for protective 
and viewing purposes on all types of 
mechanisms or instruments. 
C.N. BROWNE 
14 Abbotts Road, Cheam, Surrey 
Telephone: Fairlands 3314 

















A GRADUATE PHYSICIST OR 
ELECTRICAL ENGINEER 
is required to undertake development 
work in the field of non-destructive 
testing. Prior experience in the use 
of ultrasonic and eddy current methods 
for flaw detection is essential. 

A starting salary commensurate with 
qualifications and experience will be 
offered, and a non-contributory pension 
scheme is available. 

Applications should be made in writing 
to: 

CHIEF METALLURGIST, 
HENRY WIGGIN & CO. LTD., 
Wiggin Street Birmingham, 16 








MIRRORS re-silvered or re-aluminised 
promptly to very high standards at 
moderate prices. Front or back silvering 
including heat-resisting silvering, or surface 
aluminising. New mirrors supplied. Over 50 
years’ experience of mirror manufacturing. 
Gow tanps Ltp., Morland Road, Croydon. 
Telephone: Addiscombe 3011. 


MAGHINE ENGRAVED SCALES, Feed 
Dials, Pancls, Labels, etc., in plastic 
and metal. Excellent delivery. O. H. Kampf 
& Co., 15a Market Square, Crewkerne, 
Somerset.—Telephone: Crewkerne 709. 





DEVELOPMENT OF NEW PROJECTS 


Designing, Drawing, Detailing Prototypes. Small 
quantity manufacture. Special purpose machines. 
Instrument work a speciality. Inventions worked out 


A. RUNDLE (Upper Norwood) LTD. 
Micro Works, Stoney Lane, Church Road, 
Upper Norwood, London, S.E.19 


4 Enquiries and quotations invited 
Teleph LIVi 4682 














THERMOMETERS, Scientific & Industrial, 
Glass and metal components. Enquiries 
to J. McKenzie & Son, 40 Rosoman Street, 
London, E.C.1. Telephone : Terminus 7533. 


AGENCIES 





CONTINENTAL SALES PROMOTER, 
with over 25 years’ experience on the 
spot, is looking for additional firms with 
allied but non-competitive lines, so as 
to pool all resources and thereby assure 
a more economical and efficient repre- 
sentation. Write— 

W. F. LECKIE, A.M.1.E.£., M.E.B.R.A., 
55  Bachstrasse, Minden/Westfalen, 

Germany 





A VACANCY exists for an Instrument Design 
Draughtsman in the Drawing Office of a 
progressive company manufacturing Flight 
Simulators and Analogue Computers. Appli- 
cants should possess O.N.C. minimum and 
have considerable experience of instrument 





When replying to any of these advertise- 
ments, please mention INSTRUMENT 
PRACTICE. It is a courtesy the 
advertiser always appreciates. 











— 





instructions. Write, IFD, Vienna 66, Post- design. Apply in writing to Miles Electronics 
fach 128. Limited, Shoreham, Sussex. 
1078 OcTOBER 1959 


INSTRUMENT PRACTICE 


Hy 
for 
Indi 








If 


SPECIF 














sed 

at 
ing 
ace 

- 50 
ing. 
jon. 


Feed 
astic 
impf 
ne, 


a 


out 


d, 





strial, 
juiries 
Street, 

7533. 


ER, 
the 


vith 
» aS 
sure 
pre- 


t.A., 
len, 





— 
—— 
ertise- 
{1ENT 
y the 

















TECHNICAL BOOKS nny ll 


A COURSE IN INDUSTRIAL 





H. K. LEWIS & ce. LTD. ment Technology that the supply was soon 
‘ A ‘ ¥ Z exhausted, and a more convenient new 
invite inspection of their edition produced by the photo-litho process 
and bound in stout paper covers, is now 

stock of books on all branches available. 
of Science and Technolo CONTENTS 

gy: I. Basic Elements or Mech- 
Catalogues on request. anisms. 
Please state particular interest. I. Diaphragms. 


By J. T. MILLER, B.Sc., F.Inst.P. 


So great has been the demand for reprints 
of Mr. Miller’s Course in Industrial Instru- 


Ill. U-Tube Manometers. 
1V. Flow Metering Elements 








A Group of Magnifiers by atest a So 
H. K. LEWIS & CO. LTD. seme. 
VI. Measuring Instruments 
136 GOWER STREET, W.C.!I for Differential Flow 
r : Elements. 
GOW LLANDS Telephone: EUSton 4282 (9 lines) o_o 








LTD. 
MORLAND ROAD CROYDON 


for Fluids in Pipes. 
Vv. Flow Metering Elements 


gration from  Differen- 











SURREY ENGLAND 





tial Pressure  Instru- 
ments. 








-— SPINNINGS — 


IN ALL METALS 


Hydraulic and Flow Spinning Specialising 
for the Electronic and Instrument 
Industries. 

* 


Hydraulic Presswork 
Argonarc & Spot Welding 
* 


Telephone: Canonbury 2128 


4 ; “SCREWSEr. of Temperature, Pres- 
E. J. PURDIE & SON LTD. XV. Electronic " Instruments 


49-53 CORSICA STREET, HIGHBURY, N.5. 5 High Street, Birmingham, 14 (continued). 





VIII. Area Meters: Rotameters 
and Flowrators. 

IX. Anemometers, Electrical 
Flow Meters and Quan- 
tity Meters. 

X. Electrical Methods. 

XI. Electrical Methods (con- 
tinued): Resistance 
Thermometers. 

XII. Radiation Temperature 
Measuring Instruments. 

XIII. Humidity Measurement. 

XIV. Industrial Electronic In- 
struments for the Mea- 
surement (and control) 


sure, Flow, etc 


XVI. Automatic Control. 

















ee 


TR 1959 


INSTRUMENT, WATCH AND CLOCK MACHINE ENGRAVING XVIII. Automatic Control (con- 
MATERIALS AND PRECISION TOOLS one off or small batches cluded). 
— Ve Lathes Indexing Dials and Scales divided. Price 20/= post free 
. tang Sesking Seve Instrument Components a Speciality. Sead pour order ts: 
weezers & Pliers ~ Cleaning Machines 
‘or illus atalogues a rice List ‘Micro Works, Stoney Lane, Church Road, 9 GOUGH SQUARE 
COHN MORRIS (Clerke i 
7 na he eee, Ke ey ne iNugen a FLEET STREET, LONDON, E.C.4 


XVII. Automatic Control (con- 
tinued ). 





Clerkenwell 6077 


























If you require a 
THERMOGRAPH 
HYGROGRAPH 
BAROGRAPH 
HYGROMETER 
BAROMETER 
MANOMETER 
or ALTIMETER 
CALIBRATOR 


SPECIFY DARTON 








You will find this trade mark in practically 
every science laboratory in this country 


F. DARTON & CO. LTD. 
WATFORD, HERTS. 














CASE and COVER Specialists 


In the manufacture of Leather 
and Substitute Cases and 
Covers to fit Manufacturers’ 
own products. 


WE DESIGN TO GIVE EYE 
APPEAL COMBINED WITH 
PROTECTION & USEFULNESS 





Send us your problems to solve 


Cc. S. LINDSEY LTD. 
CROWN WORKS, GODMAN ROAD, PECKHAM, LONDON, S.E.15 
Telephone: New Cross 4636 
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MOVING COIL 


RELAYS | : 











$1 
RE 
a r 
The simplicity and reliability of relay SE 
control for a wide variety of applications co 
Illustrated is the Model S170. Other has led to the ever increasing use of 25 
types include the Model S124, a magnetic Weston Moving Coil Relays. SP; 
contact relay which operates with a Let us have a note of your relay problems FLA 
minimum power input of 0.004 and we will be pleased to advise on Cal 
microwatt and the model S115, a the most suitable model for any set of HAS 
miniature relay, which functions as conditions. Enquiries should, if possible, aye 
an “‘on-off” switching relay. be accompanied by full particulars of VAR 
both control and local circuits. 
SANGAMO WESTON LIMITED - ENFIELD : MIDDLESEX 
Tel: ENField 3434 (6 lines) & 1242 (6 lines) Grams: Sanwest, Enfield 
Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 41151 - Branches: London - Glasgow - Manchester - Newcastle-upon-Tyne 
ds - Liverpool - Wolverhampton - Nottingham - Bristol - Southampton owl ; 

LL 








A Course in Industrial Instrument Technology 
b 
J. T. MILLER, 


B.Sc., F.Inst.P. 


This Course, which appcared originally as a serial in the technical journal, Jnstrumént Practice, is the first of its kind 
to be published from British sources. 


So great has been the demand for reprints of Mr. Miller’s Course in Industrial Instrument Technology that the supply 
was soon exhausted, and a more convenient new edition, produced by the photolitho process, and bound in stout 
paper covers is now available. 


Contents 
I Basic Elements or Mechanisms. X Electrical Methods. 
Il Diaphragms. XI Electrical Methods (continued): Resistance Ther- 
III U-Tube Manometers. mometers. 
IV Flow Metering Elements for Fluids in Pipes. XII Radiation Temperature Measuring Instruments. 
V_ Flow Metering Elements for Fluids in Pipes XIIL Humidity Measurement. 
(continued). XIV Industrial Electronic Instruments for the 
VI Measuring Instruments for Differential Flow Measurement (and control) of Temperature, 
Elements. Pressure, Flow, etc. 
VII Flow Measurement: Integration from Differen- XV_ Electronic Instruments (continued). 
tial Pressure Instruments. XVI Automatic Control. 
VIII Area Meters: Rotameters and Flowrators. XVII Automatic Control (continued). 
IX Anecmometers, Electrical Flow Meters and XVIII Automatic Control (concluded). 


Quantity Meters. 
Price 20/- (post free) 


UNITED TRADE PRESS LTD., 9 GOUGH SQUARE, LONDON, E.C.4 
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Copy tereing of small pari Ia), 
-.++....dMyford moves aheagewim 
HYDRAULIC COPYING LATHE ’ 


NORMAL LATHE FEATURES RETAINED 
Patent Pending in all countries 
INCORPORATES UNIQUE FACILITIES TO AID THE 
RAPID PRODUCTION OF SMALL PARTS 









































ALTERNATIVE REPRODUCER INSTANTANEOUS FEED REDUCTION 

APPROACH ANGLES FACILITY 

STYLUS PRESSURE LESS THAN 2 LBS. FAST TRAVERSE IN EITHER DIRECTION | 

STYLUS POINTS QUICKLY CHANGED AUTOMATIC LENGTH STOPS ACCURATE 
WITHIN -001” " 

REPRODUCES PROFILES WITHIN 

001” ON DIA. SIX — ROTATING LENGTH 


SENSITIVE TO VERY SLIGHT TAPERS oe 

COPY SLIDE WITHDRAWAL SPEED OF ES 

25 FT. PER MIN. PERMITS HIGH- TAILSTOCK WITH EXTRA LONG REACH 
SPEED OPERATION BUILT-IN LIVE TAILSTOCK CENTRE 
FLAT OR CYLINDRICAL TEMPLATES 


CAN BE USED Hydraulic Copying plus 
HARDENED TEMPLATES NOT ESSENTIAL Hydraulic Feed 
HYDRAULIC CARRIAGE MOTION Provide Optimum Production 


With Ease of Operation 
VARIABLE LONGITUDINAL FEED 


MYFORD 


MACHINE TOOLS 





Maximum Spindle Speed 4,000 r.p.m. 
2 h.p. Motor 


cory MYFORD ENGINEERING CO LID © Stes. 


25-4222(3 Limes) BEEST fom. ‘ NOTTINGHAM BEESTON NOTTS 














.C.4 


= 1959 








ERSATOO 





Cabinets 


For 





Precision Tools 
Equipment 


Instruments Etc. 
W. PINDER & SON LTD., KING STREET, PETERBOROUGH 


P.2907 





— 
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HIGH RESOLUTION | 
Ma RECORDING | 
A.R.L. tvee SE’ 


THIS INSTRUMENT WILL RECORD, 
FOR ANALYSIS TO 1%. 50 C.P.S. 
AT 8’/SEC. AT AN AMPLITUDE 
OF -08”. 

FILM 35 MM. PERFORATED OR 
UNPERFORATED. 
CAPACITY 30 FT. | 
9/10 CHANNELS. 
DATUM TRACE. 
TIME MARKER. | 
TRACE IDENTIFICATION BY 
TRACE BREAK OR COLOUR FILM. 
D.C. P.M. MOTOR 3 - 75 VOLTS. 
5 SPEEDS, 4” TO 8”/SEC. 
SELF OPENING DAYLIGHT | 














ACID-PROOF VESSELS 











CASSETTES. | Makers of acid-proof vessels of all types. 
FOOTAGE INDICATOR. | - 

SPOT SETTING GRATICULE. | Speciality: Cells for experimental purposes 
ARAL. SEDGET GALVANOHETER. | involving optical work of any accuracy. 


NATURAL FREQUENCY RANGE 
60, 100, 108, 125, 250 C.P.s. 


ACCESSORY NEON EVENT 


} MARKER. 
"4 SIZE 84” x 44” « 23”. LY Uj, 4 if | 
WEIGHT 73 LBS. UZ Lh, Vdd. 1 


WOODHILL ENGINEERING CO. LTD., ford Optical Works, FOREST RD., BARKINGSIDE, ESSEX 


TROUT ROAD, YIEWSLEY, MIDDLESEX eae .; 
TELEPHONE: WEST DRAYTON 3168 & 2892 


Write for illustrated list 












































INSTRUMENT CLASSIFIED 


GE A RS Vy ADVERTISEMENT 


mamneiaints temic: mill If you want to emphasise your firm’s services or 

equipment; if you wish to advertise a vacant situa- 
tion, buy or sell equipment, the Classified Advertise- 
ment columns of “INSTRUMENT PRACTICE” will 
prove a valuable medium for your announcement— 
and bring results quickly. 




















SITUATIONS WANTED - 4d. per word, minimum 6/- 
SITUATIONS VACANT - 6d. per word, minimum 10/- 
CAPACITIES AVAILABLE- 6d. per word, minimum 10/- 
SERVICES AVAILABLE -—- 6d. per word, minimum 10/- 
BUSINESS OPPORTUNITIES 6d. per word, minimum 10/- 


Rates for other advertisements may be had on applica- 
tion to: 


Classified Advertisement Dept., 


INSTRUMENT PRACTICE 


SPENCER 


COMPONENTS ' . 
5 HIGH STREET 9 Gough Square, London, E.C.4 


1 iss""” wos cath icant ae Telephone: Fleet Street 3172 
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Accurate Recording Instrument Co. 
Advance Components Ltd. 
Alexander Controls Ltd. 

Arrow Electric Switches Ltd. 
Audley ‘ameainns Co. Ltd. 

Avo Ltd. ‘ 


Bailey Meters & Controls Ltd. 
Baldwin Instrument Co. Ltd. 
Bamford & Co. Ltd., F. 

Barr & Stroud Led. 

Beck Ltd., R. & J. ‘ 

Bedford & Son, A. H. 

Blackburn Electronics Ltd. . 
Blakeborough & Sons Led., J. 
Bough & Co. Ltd., F. S. ; 
British Driver-Harris Co. Ltd. . 
British Rototherm Co. Ltd., The . 
British Sonceboz Co. Ltd. ‘ 
Bryans Aeroquipment Ltd. 
Budenberg Gauge Co. Ltd. . 


Cambridge Instrument Co. Ltd. . 
Clarke & Co. (Manchester) Ltd., H. 
Classified Advertisements 

Clifford Ltd., Charles . 

Coley Thermometers Ltd. 
Constructors John Brown Ltd. 
Counting Instruments Ltd. 


Delta Technical Services Ltd. 
Dobbie Mcinnes (Electronics) Ltd. 
Drayton Regulator & Instrument Co. Ltd. 


Ekco Electronics Ltd. 
Elcontrol Ltd. . ; 
Electro-Hydraulics Ltd. 
Electronic Components 
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Electronic Switchgear (London) Ltd. 


Elga Products Led. 

Elliott Bros. (London) i. 
English Electric Co. Ltd., The 
English Glass Co. Ltd., The . 
Ericsson Telephones Ltd... 
Ether Ltd. 

Evershed & Vignoles Ltd. 


Ferranti Meters Ltd., Denis . 
Fielden Electronics Ltd. 

Filhol Led., J. P. . 

Filter Co. Ltd., E. & H., The 
Firth Cleveland Instruments Ltd. 
Fischer & Porter Ltd. . . 
Foster Instrument Co. Ltd. . 
Foxboro-Yoxall Ltd. 


Gardners Radio Ltd. 

Gas Council 

General Electric Co. Ltd., The 
Gowllands Ltd. 


Harwin Engineers Ltd.. 

Hendrey Relays Ltd. 

Hoffmann Mfg. Co. Led., The 
Honeywell Controls Ltd. 
Hutcheon Duthie & Son Ltd., R. 


Imhof Ltd., Alfred 
Instrument Centre . 
Integra, Leeds & Northrup Ltd. 


Johnson, Matthey & Co. Ltd. 
Jones & Co. Led., Samuel 


K.D.G. Instruments Ltd. 
Kent Ltd., George 
Kodak Ltd. 
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